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"Perhaps the strongest area that \vc face now is the urea of solar 
terrestrial interaction research, where we are still investigating it in a basic 
science sense: How doc., the Sun work? What arc all these cycles about? 
What do they have to do with the Sun’s magnetic field? Is the Sun a 
dynamo? What is happening to drive it in an energetic way? Why is it a 
variable star to the extent to which it is variable, which is not very much, 
but enough to be troublesome to us? And what docs all that mean in 
terms of structure? 

How does the Sun’s radiation, either in a photon sense or a particle 
sense, the sohir wind, affect the environment of the Earth, and does it 
have anything to do with the dynamics of the atmosphere? 

We have come at that over centuries, in a sense, as a scientific problem, 
and we are working it as part of space science, and thinking of a sequence 
of missions in terms of space science. 

At the .«ame time, we know very well that this is a problem which is 
closely connected to the question of understanding climate and weather, 
and predicting climate and weather; a set of applications that we would 
very much like to be able to do better than we do now.” 


Robert A. Frosch 
NASA Administrator 

(From a talk given March 30, 1978 
at Goddard Space Flight Center) 
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PREFACE 


'I’his report is tietlicars 'l to the community of solar, heliospheric, tnagnetospht ric ami atmosphenc scientists, ami 
to the iulministraiors amt engineers who share their work. A scientific community is hekl together by channels of 
communication scientific results, for instance, are nade known by means of journals and conferences. This report, 
too. is uucmlcd to be a means of communication - to inform members of the solar*tcrrestrial science community 
about research plans of NASA in their areas of interest during ttic coming years. It reviews planned and approved 
missions, their scientific objectives, instruments and special features, as they appeared in August I978‘, it also 
contains a condensed description of the scientific disciplines, information about Spueelab ami an account of the 
plai ning process to which new missions are subjected. 

rhe report is stnieturcil in two layers. Tlic first two ebapiers and part of the third contain a brief summary of the 
program, a quick overview intendeil for first reading. The rest picscnts a more detailed description, and an c.'ktensive 
bililiography is appeiuleil to guide tliose who .seek even more information. A certain amount of repetition has been 
deliberately indnded in order to help those who intend to read only selected parts, with • r reference to the rest of 
the rciion. 

Special thanks are due to David Stern, whose efforts were responsible for this reparr. Adrienne Timothy lielped 
slwfie much of the mission program outiintd here and critically reviewed this report as its various parts cook shape. 
In addition, we are grateful to our colleagues at CJoddard Space h’light Center and elsewhere, whose advice has 
guidcit the writing of this document Joseph Alc.vander, [-eonard Burlaga, Michael Caan, Robert Chapman, Maurice 
Dubin, Ceorge Cloeckler, Joseph Crebowsky, Richard llartlc, Robert Hudson, Stuart Jordan, Carl Reber, Richard 
Stolarskt and Roger Thomas. 'I’hanks are also e.\presscd to the many individuals and institutions who supplied 
illustrations and whose names are acknowledged in the appropriate captions. 

Harold (da.ser 

nircetor, Solar Terrestrial Division 

Office of Space Sciences 

NASA Hcailquariers, Washington, DC 
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I. INTRODUCTION AND OVERVIEW 


The .Sun doininiucs the Kanh's cnvvonmenc in many 
ways. Its light supplies energy to life on earth and to 
weather processes, its short-wave radiation heats and 
ioni/es the l’‘arth's upper atmosphere, and the constant 
outflow of hot "solar wind" perturbs the Farth’s ntagnetie 
field and is responsible for energetic particles in the 
radiation belt and the polar aurora. 


NASA's .Solar ‘rerrestrial Division's program aims to 
study the .Sun, the environment of the Farth and the 
complex chain ot interactions between these two. More 
explicitly, its stated goals are: 

1. To understand the generation of energy in the Sun, its 
transformation into different forms and transport into 
interplanetary space, and its interaction w'ith the 
earth’s magnetic and atmospheric environment. 

2, To understand tiie physics and chemistry of the upper 
atmosphere and to detect any global ehanges in strato- 
spheric ozone. 

3, To understand the plasma processes which characterize 
the Karth’s magnetosphere and ionosphere and thereby 
to provide new insights about other planetary magneto- 
spheres and ionofpheres and about high energy astro- 
physics. 

4. To understand the Sun as a star. 


As this list demonstrates, solar-terrestrial research has two 
main motivations! 

(1) On one hand, such research leads to a hetwr inulcr- 
st,ifuling Ilf imw’s vnmoutnent In-situ obscrv.itiuns 
from space provide firsthand information about the 
solar wind and about the earth’s magnetosphere, and 
remote sensing of the Sun and of tlie Karth's upper 
atmosphere yields data which cannot be collected 
from the ground because of the interference of the 
atmosphere. 

From such information, the processes svhieh determine 
Solar Terrestrial relations can be studied. Moreover, pc^ 
tuibations affecting our space environment and its inter- 
face with the earth can also be traced and understood - for 
instance, tiie effect of man-made chlorine compounds on 
stratospheric ozone, or tlie efft us of solar activity, the 
11-year solar cycle and the influence of interplanetary 
magnetic features on the upper atmosphere and perhaps 
also on the troposphere, 

(2) On die other hand, the environment studied by the 
solar terrestrial program is the sice of many futhia- 
mcvteil processes of ‘jstrophyskol hitercsl, 1 he Sun is 
the only star wliich can be studied in any detail and 
thus solar obsetu-ntions aid the understanding of dis- 
tant siai'S”for instance, ilic role of the solar wind in 
slowing down the Sun's rotation may help explain 
rotation rates of stars in general. 
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Furthcrniorc, most of the solaMerrcstrwl environment 
is fillcil with tenuous elcctricallv eomiucting 

gas ami largc»scalc magnctit fieUis, producing “tosmie" 
conditions which rcscntble those of distant astrtjphysical 
objects and which cannot be duplicated in tl>e laboratory. 
Of special interest in such plasmas arc processes which ini' 
part appreciable amounts of energy to flows oijm parti- 
lies this happens in the h'arth’s magnetosphere, especially 
in violent outbursts known as magnetic suhstorms, and it 
also happens on a vaster scale in solar flares, outbursts 
associated with sunspots and capable of flooding inter- 
planetary space \vith high-energy p.irticles. Studies of the 
acceleration meeiianisms ivhich produce such particles ad- 
vance us towards the solution of the basic riddle of high- 
energy astrophysics "the extraordinary abundance of 
energetic particles produced in supernovae, quasars. X-ray 
sources and in the galactic cosmic radiation. 

In the 20 years since Hxplorer 1, observaciors from 
space have greatly increased our knowledge of the solar 
terrestrial environment. In this docunicm, an attempt is 
made to chart the missions and developments expected in 
the near future- in particular, imjor new projects to be 
witiated in the S-year period of b V IMQ-19S5. Such 
planning is important because many areas of solar-terres- 
trial research iiave now completed their initial exploratory 
phase and liave advanced to a stage where they require 
specific experbneuts, bearing on well-defined questions 
and observations, and requiring careful preparation. In 
addition, spaceflight missions have grown in si/.e and 
sophistication, increasing the lead time needctl for their 
preparation, which again underlines the need for plannirg, 

It is convenient m divide solar-terrestrial space into 4 
regions (described in more detail in chapter IV), as fol- 
lows: 

]. The Sun. 

2. The Ikliosphere-rhe region dominated by the solar 
wind. 

3. The I'arth's Magnetosphere. 

4. The March's Upper Atmosphere. 

Kaeh of these regions has unique properties and prob- 
lems, and they all are strongly coupled along their mutual 
interfaces: 


i. The Sun 

The Sun is the source of most of the energy rc.iehing 
the surface of tile b.irth, and therefore iminkind has a 
natural interest in measuring, monitoring and understand- 
ing its radiation, both In the visible spectrum ,'uul in the 
shorter wavelengths which are absorbed in the upper 
atmosphere. As owr ncamt star, the Sun provides detailed 
information about convective flows and other properties 
cltaraeteri/ing the outer layers of a typical star. And final- 
ly, there exists "solar actii'iiy"-tramkM phenomena 
related to intensely magnetic sunspots and to explosive 
energy release events which occur near them. These latter 
events, solar flares (bigurc 1-1), influence all other -egions 
of the solar-terrestrial environment and appear to he simi- 
lar to other types of high-energy astropliysicial phenom- 
ena. 

The .Sun’s overall level of activity rises and falls In a 
characteristic Jl-year cycle.- this cycle strongly affetcs the 
upper layers of the earth’s atmosphere and could also 
exert a subtle influence on lower atmospheric levels and 
thus on our climate. In adtlition, there exists evidence that 
at irregular intervals the Sun’s activity drops to a very low 
level (most recently during the "Aiaunder mioimmu" 
1645-1715) and that such periods coincide with times of 
unusually cool world-wide climate. 

ii. The Heliosphere 

The outer layer of the Sun, the corona, is in a constant 
state of expansion, filling the space around the Sun with a 
rapid outflow of hoc solar gas, the solar mud, 'rhis tenu- 
ous plasma exhibits a variety of slioek waves, high speed 
streams and discontinuities, and us composition provides 
important information about the compo.ution of the 
outer solar envelope. 

The solar wind also transmits energy and momentum 
to the magnetic field of the earth, which stands as an 
obstacle in its path, and this creates a broad plasma shock 
wave. The coupling between the solar wind and tlie earth's 
magnetosphere provides energy for magnetic storms and 
suhstorms, for particles of the radiation belt and of the 
poh :• aurora, and for currents wliich heat the polar iono- 
sphere. 

iii. The Magnetosphere 

Surrounding the Kartb tlierc exists a region where 
direct entry of the solar wind is prevented by tlic Rartli’s 
magnetic VK\d—tbe magn&lQSpbcre. The interface between 
the solar wind and the magnetosphere contains a number 
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Fif. M. Lart* totef flara (tmpertanca 4B) obaarvarf 132f UT, Aprd 2S. 1B7S (CowrMty Ai« Fotea te«ar Obaarvaiory. Hello«nan AFBI. 


of diftinct iMiundary Uyrrt. and a dircti rlccinc conncc- 
tuin appears to rxiai liriwrrn the two (probably due to 
“m.jtnctit mcrn»nt”). permittin|{ the flow «*f electric 
fieldx. enerity and particles from interplanetary space to 
the maitnetotphere t his connection sets up large scale 
electric fields and currents in the magnetosphere, involv> 
ing intricate electrical circuits which can store appreciable 
energy. I'lt mutely much of this energy -originating in the 
stilar wind -flows into the high-latitude ionosphere, and 
electromagnetic forces are also transmitted by this linK- 
age. 

Most large- scale features of the earth's magnetosphere 
have t>een extensively studied, including the trapped rjJta 
tion hell surrounding the earth and the lortf jieortijgfietic 
tail on the night side, containing a layer of hot plasma and 
extending well beyond the nation's orbit I'he magneto- 
sphere IS constantly agitated by external influences and it 
interacts strongly with the ionosphere in which its mag- 
netic field lines are an- hored. Several processes observed 
in It accelerate particles to high energies such accelera- 
tions often take place rather abruptly in a sequence of 



ftt- 1-2. Th« tolar corona, at viawad from Shylab on A>*«ut 1 10, 
1973 An opaqua occultinf ditli with nearly twice tha angular 
diamatar of tha Sun coirart tha tolar dith. On tha laft two coronal 
tlraamart ara vitibla, whila on the right a huge "bubbla" or “coro- 
nal trantiant" it baing aiactad at about 400 hm/tac. 


• -r’ J’js..t, i .i'j£ I:' 
*.‘K ;• 
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oinii known at the •njgnfiotphrru luhuorm. which 
iharn many pfoperiir* with (1arc« on the »un. Suhtiorma 
apparently oriyinate in the mafnetotail and are often trig 
gered by certan change* in the tolar w.nd. They aeate 
Midetpread auroral ditplayi (l-igure I J), magnetic ditturh- 
antet, radio wa\c emittMtnt and particle injections into 
the radiation lielt and their ttudy repretentt one of the 
major challenget of magneiotphcric phytict. 

IV, The Upper Almotphera 

The upper atmosphere is iMiund to the earth by gravity 
and miy be roughly divided into several layers The outer 
most IS the fxotphtrr where atoms and molecules move in 
ballisi.c orbits and experience few collisiuns Hclow this it 
the healed to appreciable temperatures by 

the shortest wavelengths of the solar spectrum, at rates 
which vary greatly with solar activity (see Kig. IV-2J), 
Part of this gat (the toMoxphert) it loni/ed and it therefore 
strongly affected by magnetospheric currents and parti- 
cles, which deposit in it considerable amounts of energy, 
especiallv in polar regions. The ionosphere exerts a strong 
influence on the propagation of radio signals lietween sta- 
tions on the gron.vd 

l ower down, the metovphere and srMfotp/iere (jointly 
known as the "middle atmosphere") aittorb the bulk of 
the solar ultra-vio'et radiation flowing towards the Harthi 
o/one, a relatively minor constituent, play* a dominant 
role in the pro- esses of alrsorption, heatitig and re^radia 
non. (^implicated chemical reactions and flow patterns 
characterize this region and small concentrations of active 
substances (natural or man-made) can strongly influence 
them. It IS anticipated that in the I VHO's Spacelab and the 
I'pper Atmosphere Research Satellite program will add 
much to our knowledge of these two layers, most of 
wh.kh are too high for balliHins and tiKi low for direct 
sampling by satellites. 

I he 5-year plan described lielow outlines the plans of 
the Division of Solar Terrestrial Programs in N.VSA’s 
Office of Space Science for future activities related to its 
goals. It 

— ret’ieu's the uienttfii diutphnei involved and their 
outstanding problems, 

— /isfs pnnciplei and considerations which have guided 
the evolution of this plan, and 



Fif. 14. A view of the Earth in ultravietai light DTSO (M)0 A), 
lahafl **om th* lunar surtaca by tha far U>/ camara of tha Naval 
Rataarch Laboratory. Thi* viow diffart from Figura IV 24 in that 
It axcluda* tha bright spactral liiva of hydrogan at 1216 A. Tha 
daysida hamitphara roflactt bright sunlight, but on tha night iida 
two airglow bands ara visibla, lymmatnc with raspact to ths 
magnatic aquator: it w balwod that thay ara amittad by atonvK 
oaygan in tha uppar atmotphara. A bright patch also appaai* 
abova tha auroral zona which facas away from tha Sun Ipictura 
courtasy of 0. Carruthars). 

- .ieu rihfi exiiiing jnJ proputeJ tpjce fltftht nioaom 
and other relevant uientific efforts 

lo be useful a plan must be both comprehensive and 
flexible.' some of its proposed actions may t>e delayed or 
modified by contingw-ncies, while others may be accel- 
erated or changed by unexpected discoveries or opportu- 
nities, or by new needs I hus it may lie expected that this 
plan will be continually updated in the future the present 
effort IS Itself a revision of an earlier plan, released Janu- 
ary 1^77, C.omment* or suggestions concerning the future 
course of NASA's svilai terrestrial program, for use in fur- 
ther revisions of this diKument, arc welcome and should 
lie submitted to the Director of Solar Terrestrial Division, 
mail code ST. NASA U(2. W.vshington. D C 2054ft. 
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(I. MISSIONS AND PROGRAMS 


TIh’ missions and programs to be launched or started 
during the ncj<t 5 years arc relevant to the central prob- 
lems of all areas included in the Solar Terrestrial Program! 

In soltir physics, accent is placed on active solar phe- 
nomena, especially on solar flares (SMM, SCADM, 
Spaeelab S!>lar instruments and Pinhole Camera sat- 
ellite). 

In studies of the heliosphere, emphasis is on the explor- 
ation of new regions {.Solar Polar Mission, .Solar 
Probe). 

In the iihigiietosphcre, interest is focused on processes 
which transfer energy and particles from the rolar 
wind to the earth, and increasing use is made of eo* 
ordinated observations from several spacecraft 
(ISICK, Dp, OPPN), In addition, active experiments 
arc to be performed in tltc earth's plasma 'mviron- 
mciu (AMPTK, AMP.S). 

In the upper auvusphere the main attention is on the 
dynamics of the middle atmosphere, on the produc- 
tion, flow and loss of its acf’ve constituents such as 
urone and on their interaction with short-wave solar 
radiation (S.VIF., UARS, Spaeclab). 

Among planned spaceflight missions one may distinguish 
three types: 

(1) "Observatory Class" missions-Iargc free-flying ob- 
servatory satellites or systems of such satellites. 


(2) "Pxplorcr class" missions -smaller and less expen- 
sive, often with a more nanowly defined objective. 

(3) Spaeclab missions-manned missions using the 
Space Shuttle a.nd the Spaedab orbiting labora- 
tory, 

Paeh free-flying mission first undergoes a compre- 
hensive study. If the results are encouraging, proposals for 
experiments arc solicited, Agency, Executive Office and 
Congressional approval is requested and if obr.ained, the 
spacecraft is built and launched, and its data are collected 
and analyzed. This process is discussed in more length in 
section iX'b 

(liven below is a list of approved and of planned mis- 
sions: the latter ones (Table 11-1) form the core of this 
5-year plan and represent projects for which the Solar Ter- 
restrial Program is seeking approval in the P’Y 1980 1985 
period. More detdls about these missions are spelled out 
further along in this document, as noted in the table of 
contents. 

a. Observatory Class IVlissions 

APPROVED 

Solar Maximim Misstoo (SMMi Uunch 1979): a solar ob- 
servatory in near-earth orbit, designed primarily to 
obseive solar flares in ultraviolet (UV), extreme ultriiviolet 
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(XUV) and X-rays, with much finer resolution than prior 
observations of this type 

Solar Pohr Mission (SPMt haunch 1983): dual spacecraft 
passing high above the northern and southern polar 
regions of the Sun and providing initial data about the 
stdar wind, Interplanetary magnetic field and cosmic radia- 
tion in these regions, hence giving the first 3-dimensional 
view of the heliosphere, 

the Solar Polar Mission is an international venture under- 
taken jointly with the European Space Agency (BSA)t 
which has the direct responsibility for one of the two 
spacecraft. Moth spacecraft will pass near Jupiter and will 
use its gravity field to attain trajectories which rise far 
outside the orbital planes of the Earth and other major 
planets. 

PROPOSED AND UNDER STUDY 

Upper Atmosphere Research Satellite program (UARS » 
start 1981, bunch 1983-4): two satellites (possibly fol- 
lowed by additional ones) with remote sensors measuring 
active constituents, temperatures and other dynamic vari- 
ables charactertzing the middle .atmosphere (stratosphere, 
mesfisphere and lower therntosphere). UARS will measure 
the density of the ozone layer and assess various processes 
which affect it, including man-tnadc perturbations. Its 
observations, together with those of Spacclab, witl also 
permit an assessment of the influence of solar activity and 
magnctospheric processes on the upper atmosphere, 
effects which may svcll be the key to Sun-weather eou- 
pUng, 

Oripiin of Phwnas in the Harth’s Neighborhood (OPEN-^ 
start 1982, launch 1985): a comprehensive study of the 
Earth's magnetosphere by a network of spacecraft, de- 
signed to trace the flow of particles and energy from the 
solar wind to various niagnetospherie regions and to the 
upp'jr atmosplierc. As currently planned, OPEN contains 
4 spacecraft^an Interplanetary Plasma Laboratory (IPL) 

permanently placed in the solar wind, a Geomagnetic Tail 
Laboratory (GTL), an Equatorial Magnetosphere Laborji* 
tory (EML) in the ring current region and a Polar Plasma 
Laboratory (PPL) In an elongated polar orbit. GTL will 
investigate the yet-uncxplored distant geomagnetic tail 
beyond the moon’s orbit, using lunar gravity swing-by 
maneuvers to modify its motion! EML, using its onboard 
propulsion, will join it in that region later in the mission. 
PPL will also use its propulsion to vary the eccentricity of 


its orbit, enabling it to expic^e btnh the polar cusps on 
the boundary of the magnetosphere and the region of 
“parallel electric fields'* several earth radii above the auro- 
ral zone!!. 

Solar Cycle and Dynamics Mission (SCADM^start J983, 
launch 1985): a solar observatory of a size similar to that 
of SMM, hut tiesigned to observe the Sun between peaks 
of solar activity. SCAOM is expected to provide informa- 
tion about the quiet-time corona, magnetic field and solar 
smface waves, and it has particular significance because 
simultaneoissly the two Solar Polar spacecraft will be 
viewing the Sun from completely different directions. 

Table 0-1 

Office of Space Sciences 
SOLAR-TERRESTRIAL PROGRAM 
FY 1980 PLAN 
FLIGHT PROGRAMS 



New 

Launch 

Responsible 

Start FY 

FY 

Field Center 

Solar Polar Mission 
Spacclab Multi-user 

1979 

1983 

JPL 

Instrument Program 1979 

Upper Atmosphere 
Research Satellite 

1983 

GSPG, l.aRC, 
Ames 

(UARS) 

Origins of Plasma 
in Earth’s Neighbor- 

1981 

1983 

GSI-C 

hood (OPEN) 
Solar Cycle and 
Dynamics Mission 

1982 

1984 

GSKC 

(SCADM) 

1983 

1985 

GSt-C 

Solar Probe 
Pinhole Satellite 

1983 

1986 

JPL 

Mission 

Solar Terrestrial 

1984 

1987 

MSI-'C 

Observatory 

1984 


MSEC 


Solar Probe (Start 1983~Iaunch 1986): a spacecraft de- 
signed to approach within 4 solar radii of the Sun and to 
perform observations of the solar wind near its source, in 
particular, to study the way the solar wind is cncrgi/-cd. 
This mission will also perform measurements relevant to 
the general theory of relativity and to the possible exist- 
ence of a rapidly rotating solar core. To achieve its un- 
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u>U4l orliii the SoUr Hrol>r »!ll require an apprecithle 
veliK'iiy Inhisi, and ihi» may lie proviJetl either by ah en 
counter with the planet Jupiter or by mean* of an ion 
en|{ine. 

/'lw^o/e Camita \*$%%n>n (Start 1V84 launch l'>87) a 
Milar ttuiiy u»in|( a catellite with X ray anti |(anima-ray »en- 
*t>r%. to|(eiher with a lar|(c chield, orl>itin|( separately some 
distance away and ol>scurin|t most of the Sun from the 
satellite's sirw i the shield will probably lie carried alniard 
the Space Shuttle in a polar orbit in the dawn dusk plane. 
A multiple pinhole array in the shield will make possible 
hi^h-resolution studies of flare regions m hard X-rays and 
gamma rays, which are the characteristic signatures tif 
high energs particles produced in such esents. 

b. bxplorer Class Missions 

Ar. '•ROVED 

Itynatniis hypluri-r (DKi launch l‘*8l): a dual spacecraft 
mission. Ihe first spacecraft is in a low polar orbit and 
obsenes electrodynamic phenomena, energetic particles 
anti pntperties of the upper atmosphere, with special 
emphasis on the polar and auroral regi<*ns The sectmd 
spacecraft sh,;res the same orbital plane but has an a|H>gee 
of seseral earth radii, enabling it to observe auroral phe- 
ntimena from a -distance (compare hig 1-3) and to meas- 
ure effects of "paralli I electric fields”. This dual r ission is 


ixpreted to provide new insight aluiut the coupling 
lietween the atmosphere, ionosphere and magnetosphere. 

Solar Mfioiphfrr hxplorer (SMK| start 1^78, launch 
l*>8l): a spacecraft measuring key properties of the strat- 
tispherc and mesttsphere thri'ugh the atmospheric abs-trp 
tion of sunlight during "sunrise” and "sunset” as viewed 
by the satellite. Solar ultraviolet radiation will abo be 
moniioretl, in order to determine how its changes affect 
the tiehavior of the middle atmosphere. 

Activf Uaforfosphtru' l‘artult Iracft hxpermieni 
(.\MPI h ; start l*>80. launch 1*^82) a dual spacecraft mis 
Sion, conducted lointly with the l-cderal Republic of 
(•ermany. A special nuHlule orbiting the earth at large dis- 
tances will release tracer clouds of lirhium and europium 
vaptr, in the solar wind just upstream of the Karth's mag 
netosphere and again in the magnetospheric tail. \ (Charge 
('(imposition hxplorer iCCh) spacecraft closer to the 
harth will attempt to detect ions from the release, 'the 
principal objective of the mission is to determine the man 
ner in which the released ions enter the magnetosphere 
(simulating the eniiy of solar wino panicles) and the 
extent to which they are accelerated there. 

c. Spacelab Miitions 

rhe Spacelab orbiting laboratory used aboard the 
Space Shuttle (higure !'-l) is described mure fully in sec- 



fig. IM. An artist's cut away vww of tha Sfiuttla/Spaealab in orbit, showing tha laboratiKV modulo, tha tunrMi linking it to tha cabin 
of tha Sfiuttlo and two paHsii with instrumonts. Cargo bay doors (not shown) anclosa tha payload during launch and raontry. 
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tion VM-3 and in chaptp' VIII. .Spr.celab, a joint project of 
NASA and of the l.uropean Sp.ice Agency (RS.\), is 
scheduled to begin flights in mid-1980 and will undertake 
sorties lasting 7-28 days, 

Spacelab payloads considered in this plan belong to 
one of two types; "facilities’* capable of accommodating 
different users, and “principal investigator experiments" 
handled by individual research teams. Some of the larger 
instruments described below will be "fiicility type”, 
others may start in the FI mode and could later evolve 
into facilities. Two groups of such instruments uic cur- 
rently planned; 

(1) Soliir Justrutnenti, including three l.,rgc instruments 
designed to observe the short wavelengths characteristic of 
high-energy and high-icmper.\ture solar phenomena; 

i. The Sahr Tek’seofi" (SOT) a telescope with 

a 125 cm mirror capable of high resolution in both 
the visible range and in the ultraviolet. The mirror 
will be held by a large truss wliich can accommodate 
several solar instruments^somc of tlicm taking turns 
in using the large mirror, others (possihily including 
(IRIST-sec below) sharing the pointing system but 
operating independently. 

ii. An Fxiri'mi'Vlm-Violet (XUV) yWcscopc, utilizing 
grazing-incidence mirrors-e.g. C5R1ST, developed by 
the Kuropean Space Agency (sect. VIII-e-2), by 
arranging fur all reflections of mys to occur at shal- 
low angles, good optical resolution may be obtained 
in the wavelength range 1 00-1 700 A. 

iii. A (hml X-niy -maT'mg lustrumeut (MXII, read 
"llixic"), using an array of absorbing grids to re- 
solve solar features which emit hard X-rays, in the 
energy range from 2 to 80 keV, 

In addition to these facilities, a number of smaller "FI 
type” solar experiments arc envisioned, with special 
emphasis on "quick reaction" experiments which can be 
flown at short notice should the Sun become unusually 
active. 


(2) The Atmosphere, Magnetosphere and Plasmas in 
Space (A.VIPS) program, which encompasses two classes of 
experiments; 


Atmospherk Physics^some of the facilhics arc; 

i. A Udar (Right Detection and Ranging) facility, 
using several powerful lasers. Radiation backseat- 
tered from atmospheric molecules or aerosols will be 
studied to determine the constitution and other 
properties of the upper layers of the Earth's atmos- 
phere. 

ii. A Cryogenic Unih Scanning Interferometer and 
Radiometer (CUR-see sect. VlII-d-2) or a similar 
instrument, for remote sensing of infra-red etUissions 
of the middle atmosphere. Cryogenic cooling (e.g, 
by liquid helium) greatly extends the sensitivity of 
such instruments, making them suitable for studying 
a large number of active constituents including 
o/one (Oj), NO, IIjO and even man-made pollii tains 
such as chlorofluoromethancs. 

Space Plasma P.lectrodynamics experiments and facilities 
include! 

i. A Wave Injection hacility (WHO which would gen- 
erate electromagnetic waves, study their propagation 
and use them to probe local plasma conditions or 
even to initiate active experiments which temporar- 
ily modify tlic environment. A retrievable subsat- 
cllite carried by the Siiutcle would act as an inde- 
pendent remote detector in many .such experiments. 

ii. Chemical Releases of barium vapor, lithium vapor or 
other substances can temporarily modify iono- 
spheric conductivity, precipitate nati ,tl trapped par- 
ticles, generate gravity waves and perform other 
active modifications. A Chemical Rolcasc Module 
(CRM) launched from the Shuttle could carry out 
sucli releases at .selected distances and times (even 
over a time span of months) and the particles could 
also serve as magnctosphcric tracers, as is already en- 
visioned for the AMPTE mission. 

iii. electron Accelerator Reams h.ivc a variety of uses, 
e.g. probing voluagc drops along magnetic field lines, 
exciting plasma instabilities by the motion of the 
beam through the ionospheric plasma, the gener- 
ation of artificial auronis and the large-scale tracing 
of magnetic field lines, 

In addition to the major projects listed above, the Solar 
Terrestrial Program of NASA plans to continue its major 
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involvenieiu n "Sciciice'Hese.T’rlhTecliiiology" <SKT) 
fiimiingi coordinating this task with other sources of sup* 
port, e.g., the National Science h'ouiulation. Such support- 
ing activities are important because they complement 
spaceflight missions, extract additional knowledge from 
space data, involve large segments of the scientific com- 
munity in space missions and integrate results obtained 
from space with existing scientific knowledge and with 
other observations. Types of related research include: 

(1) Theoretical StuiUes involving physical explanations of 
obsciTcd phenomena (and at times, the prediction of phe- 
nomena not yet observed), models of the environments of 
the Sun, interplanetary space, the Earth’s magnetosphere 
and the upper atmosphere, and models of processes which 
take place within and between these regions. 

(2) Developtneiit of lune imtrutuentatiou, to advance the 
technology used by spaceflight missions. I'or instance, the 
infra-red sensors and pulsed lasers scheduled to be usetl by 


Spacelab (chapter VIII) will have completed extensive 
development before they are placed in space. 

(3) Observations from the ground, aircraft, balloons and 
sounding rockets all provide valuable support to space 
missions. Ground facilities include networks of ground 
magnetometers, solar observiuories on the ground and 
ionospheric radars and sounders, Aircraft, balloons and 
rockets serve not only as platforms for ob.scrvations above 
the major part of the atmosphere, but also as test vehicles 
in which new instruments may be checked out and cali- 
brated before they arc plf "cd aboard orbiting spacecraft. 

(4) Analysis of data returned from space. As the volume 
of such data increases, their proper preparation, analy.sis 
and mutual correlation require increasing attention, as do 
their archiving and their distribution to scientific users. 

(5) Comniiinicatiun of results, of data and ideas. This is 
supported mainly through scientific journals, workshops, 
conferences and reviews. 
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III. GUIDING PRINCIPLES 


In assembling this 5-year plan, certain guiding princi- 
ples were recognized; 

a. Technical and Scientific Merit 

Care was taken to assure that the plan was technically 
sound, A 5-year plan is not an isolated entity, but a seg- 
ment m a continuing effort: it should rely on understand- 
ing and expertise obtained earlier to define problems and 
missions in which any effort invested promises to yield 
the best return. 

A few "rcconnaisance” missions to explore new regions 
still cxist-notably, the Solar Polar mission, the Solar 
Probe and cxplor. ion of the distant geomagnetic tail (in 
OPEN). In most areas of the Sclar Terrestrial Program, 
however, a foundation of understanding already exists and 
this allows new missions to be focused on well-defined ob- 
servations relevant to key problcms-c.g. XUV and hard 
X-rays from solar flares, ion composition in the solar wind 
and in the radiation belt and selected chemical constit- 
uents of the upper atmosphere. 

b. Practical Applications 

Tasks which provide an opportunity to help solve prob- 
lems of practical importance are awarded a special prior- 
ity, These include: 

i. The 11-year cycle of solar activity and its impact on 
the earth’s environment. In a broader sense, the 

’’*?HCRDI!\|(5 page 


planned missions arc expected to help correlate 
changes in the earth’s atmosphere and magneto- 
sphere with solar activity in general and with related 
effects such as the stream and sector structure of 
the interplanetary medium, 

ii. Variations of the solar energy output and its spectral 
composition will be monitored as accurately as pos- 
sible. 

iii. Ozone and other minor constituents of the high 
atmosphere will be studied and their interactions 
will be investigated. Such constitutents play an im- 
portant role in shielding the earth from UVj they 
also control the temperature of the middle atmos- 
phere, which in turn effects its flow, with possible 
effects upon layers closer to the ground. 

c. Ties to other Disciplines 

Tasks in which the Solar Terrestrial I'rogram interacts 
with other fields of science are given special attention— 
e.g, with astrophysics and plasma physics. Results of our 
program which may interest scientists in such fields are 
made available to them and vice-versa— relevant techniques 
and results from such fields (experimental and theoretical) 
are freely adapted to the solution of problems in solar- 
terrestrial physics. 

As an example, studies of “the sun as a star’’ have a 
great impact on astrophysical models of stars, the dis- 
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fovery of the solar wiiul luis led to new id' as about "stel- 
lar winds" and about loss of rotational momentum by 
stars, and the propagation of energetic solar-flare particles 
through the interplanetary magnetic field selves as a model 
for eosmie-ray propagation in the galaxy. 

A unique relationship exists between the Solar Terres- 
trial I’rogram and phsmn fihysics, since most of the solar- 
terrestrial environment consists of plasma of hot gas. 
i«)iii/ed to such a degree that it may be considered as an 
electrical conductor. I'urthermore, lieeause this plasma 
has low density and large dimensions, it resembles the 
type of plasma encountered in astrophysics far more 
closely than does any plasma produced in the laboratory. 
Thus the earth's collision-free bow shock, magnetic merg- 
ing and particle acceleration in magnetospherie substorms 
and voltage ilrops along auroral field lines (all of which arc 
described in more iletail elsewhere m this document) may 
serve as guiiles towards a better understaiuling of higli- 
energy astropliysical processes in general, 

Plasmas may behave as fluids and contain rather com- 
pliciued panicle distributions, magnetic field configura- 
tions, wave notiims and instabilities, because plasmas 
occur so commonly in nature and yet possess this inherent 
complexity, plasma physics is still one of the frontiers of 
science. On earth, plasma devices arc lieing developed as 
tools for achieving controlled thermonuclear reactions to 
proviile fusion energy, while in space plasma physics is re- 
lilted to many fundamental phenomena. In order to assc.«-, 
the future of space plasma physics, the Space Science 
Hoard of the National Academy of Sciences appointed in 
1976 a Sillily Camiiutii'i' on Suiun' Objectives of Re 
seartb ii/Sjuiee Rlosiiio Physics referred here (for brevity) 
as "The Colgate Chunmittee", after its chairman Dr. Stir- 
ling Colgate, 

The report of tlie committee was released in 1978 and 
h concluded that studies of the Solaf-Tcrre.strial environ- 
ment are essential in advancing plasma physics. It singled 
out 6 areas in which, it felt, the most significant contribu- 
tions of this sort can be made- 

(1) Magnetic field reconnection ("magnetic merging”) 

(2) The interaction of uirbulenee with magnetic fields 

(3) The behavior of large scale flows of plas'iia and 
tlieir interaction with each other, and with mag- 
netic and gravitational fields. 


(-1) Acceleration of energetic particles 

(5) Particle confinement and transport 

(6) Oollision!e.ss shocks. 

The reader is referred to the full report (ref. ll»3)for 
complete details iiinl for the rest of the committee's 
recommendations and findings. It will only he noted liere 
that the 5-year plan of tlic Solar-Terrestrial Program has 
aligned its propo.sed research, where appropriate, with the 
committee’s recommendations. 

d. The Space Shuttle 

The plan rccogni/.cs that the Space Shuttle and the 
Spaeelab orbiting laboratory carried by it arc major tools 
for placing large recoverable payloads in earth orbit, and 
for allowing their operation to be supervised by an on- 
board crew. 

Details about Spaeelab and its use.s are given in section 
Vl-3 and in a more detailed fashion in chapter VUI. 

e. The Phase of the Solar Cycle 

The .solar-terrestrial environment undergoes c.xtensivc 
changes in step with the 31-ycar cycle of solar activity, 
described in more detail in the section on solar physics. 
‘I‘he timing of missions in this 5*year plan therefore must 
take into account tlie e.xpectcil level of solar activity. 

Obscivations of solar flares and of the "hard" radiation 
associated with them is thus best conducted near the time 
of solar maximum! the Solijr Maxioium Mission is planned 
to take advantage of the projected activity peak of 1980, 
while the Pinhole Camcm X*ray satellite is selicdulcd for 
the time when .solar activity rises towards the next maxi- 
mum after that. 

When ob.scrving tlic solar wind, magnetosphere, iono- 
sphere and upper atmosphere, information is needed for 
both solar active and solar quiet times, to establish the im- 
pact of the U-year cycle on these regions. In addition, 
different types of phenomena may be studied at different 
parts of the cyclc-e.g. fast solar wind streams near solar 
minimum and therniospherie heating near maximum. 

f. Efficient Use of Resources 

The plan is designed to use technological resources 
efficiently, and there exist .several ways of acldeving this. 
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j. I't-cquctuly exfstitijf semars may be exploited to 
yield significant new information. Several reasons 
may make thi.s possible: 

they may have only been uscti in restrietcil parts 
of space (e.g. sensors for electric fields in the 
earth's magnetosphere), 

they may not yet have achieved their highest pos* 
sible sensitivity and resolution (e.g, mass spectrom* 
eters in the magnetosphere and the solar wiml), or 

their usefulness can be extended by using them 
syncrgistically (e.g. high-resolution instruments for 
obsciving solar flares on the Solar Maximum Mis- 
sion, controlled in such a way that if one of them 
ob-erves an interesting event, others are steered to 
view It as well). 

ii, M'W sensors and techniques are being developed and 
introduced, enhancing our observational capability 
and maintaining the role of the national space pro- 
gram m spearheading technological innovation. They 
include: 

t.iilar and IR heterodyne detectors for upper 
atmosphere studies. 

Plasma wave propagation experiments making use 
of retrievable subsatellites launched from Spacelab. 

Two-dimensional photoelectric detectors, to re- 
place photographic film in recording the images 
obtained from solar telescopes and other instru- 
ments. Several types of .such detectors are under 
development ("microchanncl plates”, “charge cou- 
pled devices” etc.) and they excel in sensitivity, in 
the range of brightness which they can accurately 
record and in the fact that they encode the image 
in digitial form, which is readily analyzed by com- 
puters. 

All these components of the 5-year plan involve 
technological improvements which appear to be 
both feasible and scientifically rewarding. 

iii. To allow different users to share targe instruments 
aboard Spacelab some such instruments arc desig- 
nated as "facilities”. Facility instruments arc specifi- 
cally designed to accommodate multiple users: for 


instance, the large Solar Optical Telescope (SOT) 
will be mounted on a truss pepnittingup to b differ- 
ent instruments to alternate in using its 125 cm mir- 
ror during any single flight. Of cour.se, a different set 
of instruments may be used on each flight. 

iv. I’ conomical use of resources also implies making the 
best use of liata. On-board treatment of data, the 
efficient merging of results from different experi- 
ments on the same spacecraft (together with time, 
location and attitude), better data systems on the 
ground, the free sharing of useful information and 
its proper arcliiving in data centers all ihe.se will he 
considered in the proposed missions as means for en- 
hancing the usefulness of observations. The availa- 
bility of NASA's rraeking auil Data lielay .Saiellite 
System (IT)RSS) is expected to help extend our 
data handling capacity in the I980’s. 

V. Data from space will he .supplemeiued wherever pos- 
sible by ground-based ohsers-aiions and by data from 
b.illoons Hiul sounding rockets, 

g. Use of Theory 

The 5-year plan reeogni/es that progress is most likely 
when close ties exist between theory and observational 
missions. 

Ideally, observations arc guided by cbeoretical m vdels, 
their results arc used in testing sucli models and from the 
comparison there ultimately emerges a better theory, or 
at least more confidence in the existing one. The Colgate 
Ctimmittee (see "Tics to Other Disciplines” above) singled 
out this special role in its third rccommeiulation: 

“The theoretical component of the space plasma 
physics effort needs to he strengthened by increased 
support, and most particularly, by encouraging theory 
to play a central role in the planned development of 
the field.” 

Theoretical knowledge develops in different ways than 
observations. Its intrinsic cost fends to be relatively low, 
but it requires time and effort by trained scientists, hvK 
just in developing it but also in transmit'ing it and making 
it understandable and useful to those who might apply it 
successfully. Theory has its own specific tools and tcch- 
nology-e.g. computer models (W'hich are extensively used 
in studying the stratosphere and mesosphere), the theory 
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of plasma waves and plasma nirbulence which have been 
widely applied m the eartl’’s magnetosphere, ami the 
theory of atomi. energy levels and eollisional cross sec* 
lions, indispensihle in suulies of the chromosphere and 
corona and of the upper atmosphere. 

Above all, theory must be closely linked to ohserva* 
tions. The Solar Terrestrial ITogram encourages such links 
by supporting "intcrdiseiplinary scientific investigators" 
on mission teams and "guest investigators" utilising data 
after the mission has been established. A special funding 
category for the support of theory in solar terrestrial 
physics is being planned. 

h. Interfaces 

1‘he 5-year plan divides tlie Solar Terrestrial Program 
somewhat arbitrarily into 4 areas, hut it should he realized 
that these overlap along broad interjaccs. The solar corona 
blends into the solar wind, the earth’s how shock relates 
to both the magnetosphere and the solar wind, and the 
electric curreius and energy flow of the magnerosphere 
are strongly coupled with the ionosphere. 

Interfaces are critical regions in the scheme of our 
ohseivations. For example, observations of the iono- 
spliere-magnetosphere interface supply the ptr<pe;’ bound- 
ary conditions for models of ionospheric behavior, even 
before a complete understanding of relevant magneto- 
spheric phenomena is achieved. Because of tliis key role of 
interfaces, special attention is devoted to them in the 
5-year plan. 

As a corollary, the strong links between different parts 
of the solar-tcrrtstria! environment, through their mutual 
interfaces, make it essential that no areas in the Solar Ter- 
restrial Program sliould he allowed to lag behind others, or 
to move far ahead of tlie rest. This, too, has been one of 
the underlying principles of the 5-year plan. 

i. Relation to other Programs of NASA and of 

other Agencies 

The 5-year plan notes the existence of interfaces 
between the Solar Terrestrial Program and other NASA 
progi'ams, and will try to promote mutual benefits wher- 
ever such a relationship exists. 

|>'or instance, studies of the upper atmosphere and of 
outside sources which supply it with energy and momen- 


tum are relevant to general atmospheric dynamics, idvesti- 
g.ttcd by NASA’s Splice and Ti'rmtml ApplkiUions Pro- 
pram. That program may also require information about 
various manifestations of solar iu.tiviiy and about ways in 
which the sun may influence the earth’s environment (e.g. 
variability of the solar constant), all of which are to he 
observed us part of the current plan. 

NASA’s Planetary Program will benefit from studies of 
processes occurring in the earth’s magnetosphere and 
ionosphere, as models for the behavior of magnetospheres 
and ionospheres of other planets. The numerous connec- 
tions between the research outlined here and NASA’s 
Astrophysics Program have already been listed in item 3 
of this section, under “Ties to Other Disciplines." 

Mutual benefits can flow in both directions. Upper 
atmosplicre research has obtained much useful informa- 
tion from studies by the Applications Program (e.g. data 
from Nimbus sp.acecraft), while space probes cn route to 
distant planets have observed the solar wind at large dis- 
tances from the Sun. This collaboration and cross-flow of 
information is expected to continue during the 5-year 
period covered here. 

In addition, this plan rccogiii/es the efforts of other 
organizations concerned with the study of the solar-ter- 
restrial environment. The USAF', for instance, was tlie 
first to explore the region of auroral "parallel electrie 
fields” by means of the S3-3 spacecraft, has provided valu- 
able observations of the polar aurora from space (sec 
F‘igurc 1-3), has developed infra-red sensing technology of 
which CUR is an outgrowth (sect. VIll-d-2) and is devel- 
oping the sophisticated SCATUA mission for studies of 
electric charging by spacecraft in the magnetosphere. The 
U.S. Navy’s efforts include "Triad”, which has performed 
the first tliorough survey of electric current flow along 
magnetic field lines in the magnetosphere, as well as the 
many notable contributions of the U.S. Naval Research 
Lib (see Figures 1-4 and IV-24). The National Oceanic and 
Atmospheric Agency (NOAA) has supported a strong 
research team concerned with the F.arth’s magnetosphere 
and has conscicntously collected and disseminated regular 
observations from the ground of solar and geomagnetic 
activity. The Solar Terrestrial Program will seek to contin- 
ue to interact with the scientific programs of the defense 
agencies and of NOAA, and expects that some of their 
scientific teams will participate as experimenters on mis- 
sions described in this report. 
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A special relationship exists between NASA ami the 
Kuropean Space Agency ESA, In the Solar Terrestrial Pro> 
gram this relationship is most strongly cxprcsseil in the 
Spacclab project, which is a shared venture of the two 
agencies, and in the related set of facility*typc instruments 
(chapter VIII). Other programs shared with ESA include 
the International Son-Earth Explorer missio-' USEE) and 
the Solar Polar Mission, and future joint efforts may well 
extend this list. Collaborative efforts on a more limited 
scale exist with Canada (the Shuttle’s remote manipulator 
boom and possibly the Spacelab Wave Injection Eacility), 
the Federal Republic of Germany (AMPTE) and Japan 
(the Spacelab electron accelerator experimen t). 

j. Responsiveness to the Science Community 

The 5*year plan is intended to serve the science com- 
munity and must therefore pay close attention to its 
expressed needs. The major sources of input from the 
science community into the Solar Terrestrial Program are 
the Spttci’ Sciour Hoard (SSB) of the National Academy 
of Sciences (NAS) and the various study committees com- 
missioned by the SSB, e,g, the Colgate Committee de- 
scribed earlier. Recommendations from other committees 
convened by the National Academy of Sciences, from the 
Academy's Geophysics Research Board and from consult- 
ing committees set up by NASA were also taken into con- 
sideration in assembling this plan. 


Below are some of the documents in which such 
recommendations were expressed (further details about 
them, as well as additional study reports, may be found in 
the bibliography): 

Report oil Space Scknct', 1975 (NAS) 

SdeiHifie Uses of the Space Shuttle (SSB, 1974) 

Space Plasma Physics: The Study of Solar System Plas' 
ma (NAS, 1978) 

llaloearboiis: affects on Stratospheric Ozone (NAS 
Panel on Atmospheric Chemistry, 1976) 

Chlorofluoromethanes and the Stn^tosphere (NASA 
workshop, August 1977) 

Report of the Solar Astronomy Task Force (I'cdcral 
Council for Science and Technology, June 1975) 

The Upper Atmosphere and Magnetosphere (NAS Geo- 
physics Study Ctee., 1977) 

As stated in the introduction, comments and sugges- 
tions concerning this plan are welcome, and they will be 
considered along with other inputs whenever it is updated. 
Please address your communication to the Director, Solar 
Terrestrial Division, Mail Code ST, NASA Headquarters, 
Washington, D. C, 20546, 
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FIfl. IV"1. 16tfi contury vlaw 
of thaSun 


IV. THE SCIENTIFIC DISCIPLINES 





Fig. IV-2. A cut-away model of the Sun's interior and envelope 
(not drawn to scale). From Gibson, reference 22-1, 


a. The Sun 

'riic Sun is our nearest star. We can study its surface in 
great detail and observe on it astropliysical phenomena 
which on more distant stars remain undetected or unex- 
plained, Thus solar research is the key to many processes 
in the distant universe. 

But in addition, the Sun is also a very special star, pro- 
viding the energy needed to sustain life and to maintain 
habitable conditions on Karth. If its energy output varied 
even by a few percent either way, the effret on our 
climate and on life on Earth would be profound. 

The Sun's energy is believed to be generated by ther- 
monuclear fusion of hydrogen, the main solar constituent, 
deep in its core (Figure IV-2). This energy requires on 
the average about 1,000,000 years to be transported to 
the solar surface, from where most of it is radiated into 
space in the form of visible sunlight, The overall energy 
flux density reaching the Earth, the so-called solar con- 
stant, averages 1367 ± 7 watr/m‘ (1976 measurement) 
and our climate depends sensitively on its value. Continu- 
ous monitoring of the solar constant during the present 
century has disclosed no observable fluctuations but more 
accurate obervations from space are highly desirable (see 
sect. IV-d4), 

A superficial examination would classify the Sun as a 
uniformly glowing sphere with a visible radius close to 
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700,(NK) km and an rquaiorial rutaiiun period of 2S.) 
davt (atioui 27 day lahcn viewed from the moving 
Farth). Moti of the Sun's light uriginatei in a layer about 
5(MI km thick, the photutphfft, the spectrum of which 
suggests an emission temperature of 5 /SO K. Located 
abose this laver is the chfomotpbtrt, having a thickness of 
ab«Hit 25«M) km and a temperature of the order of 10.000 
K, and beyond that extends the t'o'oNa, very tenuous and 
extremely hot these regions can liest be observed either 
during a total svilar eclipse or by using filters which isolate 
selected narrow regions of the Sun's spectrum, hrom such 
indications as spectral lines of iron loni/ed IS times the 
mean energy of particles in the corona is estimated to 
correspond to a temperature of about I0" K. The corona 
Itself has no well-defined outer boundary and blends con- 
tinuously with the tolar u'lnj. further dcurilied in the sec- 
tion on the heliosphere 

Superimposed on this spherically-symmctric, constant- 
in ime model of the Sun are the local and variable fea- 
tures with which most of solar research is concerned 
(l igurc l\'-J) Although such features have l»een exten 
sivciy studied from the ground, observations from space 
such as those proposed in this 5-year plan have two signifi- 
cant advantages: 

lirsi, the shimmering of the atniospheie prevents 
ground level telescopes from resolving small details on 
the Sun; only durmg good observing conditions, with 
the best of instruments, can one observe detail of 
angular si/e as small as I second of arc (I", equal to 
I JhOO degree or 72h km at the center of the Sun's 
disk), rhe Solar Optical Telescope (see section devoted 
to It) will exceed this by a factor of K>-30, depending 
on the wavelength. 

Sfconilly, sunlight at wavelengths shorter than those of 
the visible range is strongly absorbed by the Larth’s 
atmosphere Kven though only about 1% of the Sun's 
total radiated energy is involved, these short wave 
lengths are intimately associated with hot regions and 
with particles accelerated to high energies. Thus some 
of the most significant solar features (e.g. “coronal 
holes" see below ) are clearly visible only from outside 
the atmosphere. 

hour classes of solar features and phenomena are of 
particular interest to this 5-year plan: 



fiq. IV -3. Surtac* (aaturas of Itw Sun, viawad Ihroutpi a narrow 
ipaclral filtar. The view includat two largo contort of activity 
Ibrifhll and tovoral prominoncat (dark filamonttl. 

1 Solar Convaction 

The visible surface of the Sun is in constant motion. 
Theory predicts that within l(i(l.(KKI km of the Sun's sur- 
face, solar heat travelling outwards from the core is trans- 
mitted by convective flow (higure IV-2). “(Ninvection 
cells" representing such motions have indeed been 
obsened on the solar surface -small shallow "granules”, 
about KHKi km in iliameter with lifetimes around 10 min- 
utes. ard larger "supergranules", * 3(f,0(K) km across and 
lasting some 20 hours. 

This constant motion appears to l>e associated with a 
rather unusual property of the Sun's atmosphere -namely, 
the fact that alHive the photosphere the local temperature 
increases rapidly with altitude how can the extremelv hot 
corona and chromosphere exist, if a cooler region separates 
them from the main source of the Sun's heat’ It now 
seems that different modes of s«iund and magneto-hydro- 
dynamic (.Mill)) waves, rising from the turbulent photo- 
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tphrrr, carry the nrcrcMry rnrrfyi »<>mc Mich Mavr* hacc 
hrrn otncrvrJ and additional data alMiul them are to lir 
cullrctrd by thr Solar Optical Trlru'opc 

2 Th* Solar Mapnatic Fwld 

I hr Sun ptioarair* a complex maitnrtic field, probably 
lirnrrated by larnc uale convective floM^ and by ihe uii- 
even rotation of the outer layrri o< thr Sun, lahivh move 
more rapidly near the rquat'ir and more tloialy near the 
pole« ("differential rotation"), 

I hr mo*t conapicuoui manifratation of thia magnetic 
field are ikmftutt darker rr|tion» of high magnetic intent 
ity (|iKHI^4(HMl gauta) When tuntpott arc vietted by ap 
propriate inttrumentt, it it teen that they are immerted in 
jclivf toUr regiowt, regiont where the emiition of teiccted 
tprctral linrt in thr citibir range and in the ultravuilet 
d'\’), at well at N-ravt emitaion, tuggett thr enhanced 
heating ol the chromotphrre and corona and the iH'ca- 
tional acceleration of particirt to high tclocitiet. The mott 
tpectacular feature of tuch "tolar activity" it the <KCur- 
rencr of loUr flam, which are dcurilied tcparaiely below. 


H hile tuntpott conttitute unutually intente regiont of 
tolar magrtetitm, widrtprrad magrtetic fieldt rx»r over 
the entire Milar turface. Ihe\ teem to be urtetenly dittrib 
uted and include in>rn« ly magnrti/ed "magnetic knott", 
only about liNMi km wide, which contain an appreciable 
fraction of the total magnrtu' flux. Magnetic field linet 
often form large archet lietwren regiont of oppoiite mag 
netic polarity (figure IV-4) and tuch archet appear to 
play an important role in the formation of cool drnte 
cloudt of platma or "prominencrt", 

Ouitide the doted loopt of magnetic archet there exitt 
"open" field linet, along which the Sun'i magnetic influ- 
ence rxtrndt to interplanetary tpacc, to farth and far 
beyond. When viewed from tpxce in X-rayt or extreme 
l'\'. tuch regiont appear dark -hence the name '\oroml 
holi’t" and they teem to lie the tource of high tpeed 
ttreamt in the tolar wind. The polar regiont of the Sun 
reprewnt large tern i permanent "holet" and one expeett 
there a relatnely fatl flow of tolar wind and a more order 
ly interplanetarv magnetic field configuration, predictiont 
which are to lie examuicd on the Solar Polar Mittion, 
uheduled for launch in IVHJ. 



IV-4. Solar loop prominoncai (oourtaty of Sacramanto Paah Obaarvatoryl. 
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3 Solar Activity 

the frequency of sunspots ami of all other manifesta* 
tions of solar activity, such as solar flares, increases and 
declines over a cycle of about 1 1 years (the length of indi* 
vidual cycles may vary by a year or more). This eyclc^ 
discovered around 1843 hut traced back through earlier 
records to about 1715=appcars to be magnetic in naturct 
the Sun's overall magnetic poles seem to reverse their 
polarity every 11 years and the magnetic structure of lypi* 
cal sunspot groups also reverses polarity from one cycle to 
the following one. 

The peak of each solar cycle, when sunspots and solar 
activity centers are mosr conspicuous, is accompanied by 
an increase in the "exotic" forms of solar energy reaching 
Earth<»X-rays, solar flare particles and the energy of large 
geomagnetic disturbances. These heat up the uppermost 
part of the Earth’s atmosphere«»thc thermosphcrc^from 
600-800 K to about 2000 K (Figure 1V*23), causing a gen- 
eral upward cxp.ansion of tlie atmosphere and hence, an 
increased resistance to the motion of near*l(arth space- 
craft. I'or e.xample, the drastic downward revision in the 
expected lifetime of the Skylab orbiting laboratory, 
announced early in 1978, was due to an unexpectedly 
rapid rise in solar activity in the cycle following the solar 
minimum of 1975*6. 

Many tentative correlations between the ll-ycar cycle 
and climate have been proposed. While most of these arc 
still controversial (sec section lV-d-4), there exists more 
definite evidence concerning links between climate and 
long-term averages of solar activity. It now' seems (as sug- 
gested by Maunder and .igain by Eddy) that in the years 
1645-1715 solar uctiviry declined to a barely detectable 
level (Figure lV-5): thir- 70-year "Mamiddr wimtiutn'* 
seems to match a period of low auroral activity, unusually 
large differential rotation in the photosphere and cold cli- 
mate on earth. Tree rings from that time -also c.xhibit an 
increase in the concentration of radioactive carbon 14, 
suggesting that the cosmic ray intensity stayed at the high- 
cr-than-average level usually found during times of low 
solar activity. This last correlation h.as enabled scientists 
to extend their search for prolonged minima in solar activ- 
ity to times when no regular observations of the Sun were 
made: several earlier long-term increases in have been 
found which would signify earlier events similar to the 
"Maunder minimum", and they fit rather well with 



Fig, |V>6. Th« variation of mMri annua) sunspot numbars, 
•Ktandad back to 1611 by J> Eddy. 


periods of unusually cold eiimate, deduced from historical 
records of winUf severity .and from the advance and re- 
treat of Alpine glaciers (Figure IV-6). 

4 Solar Flares 

Among all phenomena associated witli solar activity, 
the most rapid and spectacular is the sahir Jhre, in whieli up 
to 3'10'*® joule ( * lO’ megaton TNT) may be released 
within 5-10 minutes. A considerable fraction of this ener- 
gy (1/3 by one estimate) is channeled into tlie accelera- 
tion of particles to high energies. 

The widespread occurrence of liigh-encrgy particles is 
perhaps the outstanding problem of modern astrophysics. 
On a galactic scale this problem involves the origin of cos- 
mic rays and of extrag.ilactic radio and X-ray emission. In- 
side our gaiaxy it is manifested by supernova remnants 
and pulsars, galactic X-ray sources and gamma ray bursts, 
by the radiation belts of the Earth and Jupiter and by 
other "non thermal" phenomena. Yet the acceleration 
process itself has only been observed in two cases-in soh-ir 
flares and in the so-called "magnetospherte substorm", 
also to be studied as pare of this 5-ycar plan (see further 
below). Observations on these two phenomena arc com- 
plementary and jointly they offer the best hope for undcr- 
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F )f I V • Th« davtalion of C ' * production from an avor apa trand (two top flrapti* — tho black ftcpf* • tmoothad voraron of tha htatoftam 
on topi compared to a hiatorical record of winter (ovority Iripht harrd bottomi and to tha advance and ratraat of Alpine flaciort (middle 
bottom). Compiled by J. idoy. 


«limiin|( 4 (uiulitiirntal limily ttf priuraart in our 
univrru' 

Ihr flarr i« accompinirii l>y 4 r4pi«l hri|thicnin|c of 
«pritr4l linra rmilirti from (hr chromoapherr <l-i|(urc 1-1), 
Ity I A’ 4nii \-r4y r«tii4lion, b\ vrrt4in airuclurnl r4dii> 
rmiaaiont 4nii b> tioirni aurgra in the Sun'arnarlopc. 
I ncrgc iit proiona, hc4\icr lona and riccirona from aolar 
flarra ha\r then otracrard by apaccirafi matrumrnti. and 
the X-ray trnmaion from the flare region auggeaia that 


large numbera of eleeirona are aeceirratrd there to ener- 
giea of It) ItHi Kc\' during the initial “flaah phaac." 

I heae emitted X ra\a pcrturfi the l-arth'a lonoaphrre 
and difturb the propagation of radio aignala Additional 
diaturbaneea may (H'cur later in the polar lonuaphere 
("polar cap black tnita"), when accelerated protona of 
It) '00 MeV (and aometimea eaen higher energiea) reach 
the l-arth’a aiiinity and are channeled tiy ita magnetic 
field toward the geomagnetic polea. 
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^ Thr n«fc rncr|> it almott crruinly ikmrd from the 

I mtfnriu field of the tciivr region and ii it releated to 

rapidl) that one may view flare* at ' magnetic light* 
ning">a ra|>id releate of mafnet'.e energy t4»mewhal analo- 
gout to the releate of ttosrd up electric energy in a 
ihunderttiKm. I hit energv releate it widely helieted to he 
atWHialed with forced "magnme merging’’ (or ’’magnetic HEAT 
reciinnectHin”). in which platma flotvt containing oppo 
tilely directed magnetic fieldt converge into the tame 
region, cauting '’mutual annihilation” of their magnetic 
fieldt and the tranifer of their magnetic energy to platma 
parlicletd-igure IV'7). 

gte IV-7. Iknamattcmutfaletinaenaticinareineiturtne 
a tolar tiara. 

b. Th« Haliosphtrn 



I he outermott part of the tolar corona undergoet con hot gat throughout the tolar tytiem. Thit it the wUr 
tiani ta( tntion. producing a continuout radul outflow of tcin«, which at the Karth’t dittance (one ’’attronomical 








unit" or I At') hat a typical drntity of S IO lona/cm* and 
a velocity of J 00 800 km/icc (t’lgurc IV'IU). 
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Fif. IV C. Setiamafic view of a diah-ltlia modal of tt*a Intorritnat 
ary mafnatic fiald (illuatraDon ptovidod by A. Hundhautan). 

Ihc tolar wind doniinatev plasma priKCttrs throughout 
a large rc^v‘»i' around the Sun, the heliosphere, having an 
ctiimaicd radial extent of ihe order of 50 AU (l igurc 
IV H)i note that ditiancet from the Sun are drawn on an 
uneven teak!) Magnetic fields in ihe heliosphere originate 
on ihe Sun .-md are stretched out hy the s»»lar wind. l>e- 
coming deformed into spirals at a ci>nsequence of the 
Sun's rotation (hecause of the uneven scale in l iguie IV 8. 
this spiral deformaiuv it omiited there). What lends the 
solar wind a particular importance to solar-terrestrial rela- 
tions It that active phenomena in planetary magneto- 
spheres including the farih’s derive their energy from 
the interaction between the solar wind and planetary mag- 
netic fields. 


.\s descrilved in more detail in the next section, the 
l-arth's magnetosphere presents the flow of the tolar wind 
with an obstacle having a radius of about 25 earth radii 
tIKf. * ft 3 70 km ) I'p to about 0.1 A> of the solar wind 

enerirv flux incident on this cross section, some lO' ' — 
10* ^ watts, are absorbed by the magnetosphere and drive 
the various plasma processes observed there: a atnsidcr- 
able fractitm of this energv ends up Iteing dissipated in the 
upper polar atmosphere w hen auroral particles are prccipi 


tated and electric currents are driven through the lomv 
sphere, 

Ihe interphneury maghetu: field, emitedded in the 
tolar wind, may in general point either "toward" the Sun 
oi' "away" from it, reflecting the magnetic polarity of the 
region which would Ite reached if itt field lines were fol- 
lowed all iht way to their source of ihs *c'in. During any 
tolar rotation period, twii, four or even more such "tec- 
tort" of i»|ipoting interplanetary fields may l>e oliterved in 
the harih't neighborhood, and tome intriguing correla- 
tions lietween w'-ather paiiernt and the time of passage of 
boundaries between such sectors have l>een published. 
Since 1V76, when Pioneer II oliservations indicated tha 
the interplanetary magnetic field may lie disk-like (Figure 
IV-V), It has lieen suggested that sectors represent undula- 
tions ir the mid-plane of this diskt the forthcoming Solar 
Polar Mission it expecteil to furnish additional informa- 
tion about this point. 



Fig. IV-10. Tha valocity of tha solar wind as obsarvad during ona 
full solar rotation in 1974, plottad against th« infarrad longituda 
of tha sourca ragion in tha Sun's corona. Two fast straams ara 
obsarvad. asaociatad with sactors of opposita polarity |c shading 
•ndirstas magnatic fiald linas pointing away from tha Sun). In 
this particular casa it was shown that tha two straams probably 
aroaa from obsarvad aquatorward antantions of tha southarn and 
northarn polar "coronal holas". raspactivaly, which posaassao 
tha appropriata magnatic polaritias (A. Hundhausan). 

1 he velocity of the solar wind vanes, has/ streams (two 
of which are shown in Figure IV-10) apparently originate 
in "coronal holes" and are responsible for moderate mag- 
netic disturbances observed on Farth with a 27-day recur- 
rence Such streams may be characteristic of the region 
above the Sun's magnetic pules, since large "holes" arc 
permanently located around the poles of the Sun; the 
Solar Polar Mission will study this region fur the first 
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time. A firnrral theoretical explanatittn for the expantion 
of the >oUr wind duet exist, but not all obserxed details 
ha\e ueen satisfactonly explained: some such details 
depend on the magnetic structure of the regions from 
which the solar wind originates, their temperatures and 
heat flows, information which the Solar Prclie miuiun 
(descrilied in a later section) will try to obtain. Studies of 
the composition of the solar w ind- performed by indirect 
means m the past, and scheduled to be carried out directly 
with the mass spectrometers of ISKK-J and IPl.-can also 
provide valuable information alniut the source regions of 
the solar wind, e pecially if atoms loni/cd by different 
amounts can lie distinguished and identified 


Kinally, not only docs the solar wind carry extensive 
information relevant to the Sun's corona and to •..•lar-ter- 
restr.al relationships, but it also exhibits many interesting 
platmj processes which car. lie observed in-situ shocks, 
diu'ontinuities. smail-scale irregularities and populations 
of energetic particles, some of which may be priHluced by 
collisionless heatirj m interplanetary shock waves Re- 
lated to these processes are interplanetary magnetic irregu- 
larities, which exist in many different types and si/es; 
such irregularities can scatter cosmic ray particles, which 
are tibserved to be modulated in the heliosphere in several 
different ways, and also strongly affect the propagation of 
en. 'getic particin from solar flares. 



Fif. IV-1 1, A (omawhat iimplifiad viaw of lha inlaraction batwaan tha tolar wind and lha Earth's ma 9 r>atotphara 
(from lha announcamant of tha adva icad turn mar mttituta of rafaranca 23-31 . 


c. The Earth's Magnetosphere 

We are fortunate to live on a magnetic planet the geo- 
magnetic field, originating deep in the farth's core, consti- 
tutes an obstacle to the solar wind, deficc.ing it and creat- 
ing a cavity to which ti,e solar wind does not have direct 
‘'ccess. This cav ity, together with its Iniundary regions, is 
known as the K.arth’s magnftoipherf 

I he imjiortance of the magnetosphere to solar terres- 
trial science stems from two distinct >ources: 

htrst, the magnetosphere pruvtdtei the link between the 
solar wind and the upper atmosphere, a link which must 
be understood in order to explain observed correlations 
between the two - e g., the relation lietween interplanetary 
sector boundaries and the frequency of mid-latitude 
storms in the lower atmosphere (sect l\’-d-4). 


Some of our knowledge about this linkage is described 
Ik'Iow. In particular, it appears that the magnetosphere: 

I. Recei* cs energy from the s«ilar wind through electric 
fields w hich propagate along "open" field linr«i 

ii. "Captures" some of the hot solar wind plasma in the 
cusp and mantle regions (l-igure IN'— 12); and 

III. Produces earthward flows of energetic particles in 
recurrent sequences of stretching and rebounding of 
the geomagnetic tail, known as maynetospheric sub- 
storms. 

At the other end of this linkage, the magnetosphere 
affects the upper atmosphere by driving large-scale electric 
currents through the ionosphere, cur' nis w hich not only 
deposit energy but also exert a force In addition, energy 
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Fig. IV 12. Schsmalic vivmi of lh« Earth i magnato«|ihatt (from rtfatanca 32 21 


ncinilj. <*»r ii>dl an»l cMr.i^.ilaciu' stiurcfs nf 

r.ulio waves and \ raw Hut onl\ m the I arth's magneto 
sphere are the relevant plasma professes aeeessihle to m 
situ measurements anil with the Spaeelah laeilities, pei- 
haps also to in situ aetive experimentation It is here, 
theielore, ih.it the inlorm.ition neeileil lor the umler 
stamlin^ ot more ilistant phenomena is often most elearlv 
revealeii 


IS ileposiieil when aveeletateil eleetrons preeipitate into 
the atmosphere in the puLir (l i^ure I .1) .\eeel 

erateil protons aiul ions ma\ also end up in the atmos 
phere, althoiifth other meehamsnis may eontrihute to their 
loss a» well 


St'tiiHiUy, the magnetosphere is our >nini .iii l•vv//>/(■ 
"irivwii p/.ivwa" Karetied plasmas, permeateil h\ large 
siale magnetii fields, detein me imuh of the hehavior of 
the Sun’s ••nvelojH’ and ot the heliosphere, and yet it is m 
the I- ai ill's magnetosphere that the proeesses involving 
them are most readilv ohsi rved and studieil ( I aide IN' I > 


(ainsidei for example p.»r/fi /r’ •ii i i7r‘MM«</ lo I'Mer 
gii's. a pioiess tund.inient,il to so|,ir flares and to manv 
additional “eosmie” phenomena (»eei IN' a 4> I he lerres 
trial eounterp.irt to ilaies are m.igneiospherie siihstorms 
lioth phenomena are lulieved to derive their energv from 
the rapid "annihilation" of magnetie fields, hut whereas 
no flare assoeuied ehanges in the solar magnetie field h.ive 


Suih "eosmie plasmas" also dominate the niagne 
tosphere of jiipiter and other planetarv magnetospheres, 
puls.ir magnetospheres, supernova remnants sueh as the 


Table |V-1 


Plasma Physics in the Solar'Terrestrial Environment 



Sun 

Holiosphero 

IVIagnotospbcre 

Upper Atmosphere 

Waves 

Waves heating corona. 
Ratlin bursts from flares, 
Surface waves (Morcton 
w’aves) from flares. 

Propagating disturb- 
.tnees. Solitary waves. 
Type in bursts. 

Whistlers ; K dome tri e 
radiation micropulsa- 
tionsi n '4 harmonic 
electrostatic waves-, 
ion cyclotron w.-ivcs; 
power grid harmonics. 

Sub-protonosphcric 
mode; active experi- 
ments from Spacelab. 

Instabilities 

Mares 

“Turbulence ' producing 
local inhomogeneitics 

Substorms, flapping 
of magnetopause; 
W;vvc-particle inter- 
actions. 

“Spread F" rising 
iiubbles. 

Sources of 

Kncrgctic 

Particles 

Flares, activity centers-, 
the corona as a source of 
the solar wind. 

Sltocksi interplanet,tr>' 
acceleration. 

Substorms; Hu - lieating 
in bow shock; source of 
plasma sheet; neutron 
albedo. 

‘I'lie polar wind 

Boundaries 
and Boundary 
latycrs 

Current sheets in 
coronal streamers! 
coronal hole bountlaries. 

Tangential discontinui- 
ties -, !)-sbeets and other 
structures; shocks: inter- 
planetary sector bounil- 
aries 

Bow shock; Magneto- 
pause; mantle, cusp 
boundaries; plasnu- 
pau.se 

“Trouglis” 

Klcctric 

currents 

Currents in coronal 
streamers; electro- 
dynamics of active 

Currents in sheets 
and discontinuities 

F'ield aligned currents; 
magnetopause current 
plasma sheet carrent. 

Auroral and 
equatorial eleetro- 
jetsi Sq “dymimu 


rcjiions ciuTuiu” in the 

ionosphere. 


l)ecn confirnieti, the characterislie niaynetic variation dur- 
iiij; substnrws ■ in particular, the “snapping hack” of the 
distended tail - ha.s been repeatedly olvserved by .satellites. 

Such .siuellites have also observed at least 3 distinct 
acceleration mechanisms; 

i. Accleration by large-scale electric fields (such as 
tho.se of l-igure lV-13) which drive particles earth- 
ward-either steady fields entering the magneto- 
sphere from the solar wind along “open" field lines 
(sec below), or .short lived but intense fields induced 
when the tail’s ficlii lines snap hack during sub- 
storms. 


ii. Rapid acceleration of ionospheric electrons and ions 
by voltage drops along magnetic field lines. 

iii. Rapid impulsive acceleration of plasma sheet parti- 
cles in intense subsiorms, possibly associated with 
"magnetic merging" there (b'igure V-1 and tc.-st be- 
low). 

Nowhere else in the universe-exeept for research 
accelerators used by scientists on the ground-can the 
acceleration of particles be as well umlcrstood and as thor- 
oughly observed as it can in the liarth’s magnetosphere, 
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The l'’iirth’s nnignetusphcre begiivi at a rather abrupt 
hountiary, the -ts h'lgure I\’’I2 shows, the 

ilaysitic magnetopause is eompresseil by tlic impact of the 
solar wiml, to a distance of about 10 U]; (|^arth radii). On 
the night s de (Figures IV-12 and V«t) the magnetosphere 
is drawn out into a long tail, reaching beyond the orbit of 
the moon (^ 60 R|.;) and h.ivinga radius of about 25 Kr. 
The manner in which the tail tiltimately ends is not 
known, and this point is to he explored by the (!eom.ig' 
netic 'Pail (.ahoratory, one of the components of the 
Ol'KN mission. About 3 H|- upstream from the dayside 
magnetopause there exists a collision-frce how shock, in 
which the impinging solar wiml is slowed down tml heat- 
ed: the region behind this shock, containing modified 
solar wiml plasma, is known as the tnafriiftoshctUh. 

dose to h’arth the field resembles a tiipolc, a struciure 
with two magneiie poles (like a bar magnet). Thus there 
c.vist on the magnetopause two points (one in each hemi- 
sphere) where magnetic field lines closing on the front of 
the l•■arrh become separated from those swept to the rear, 
and near these points one finds regions of weak magnetic 
field, defining the so-called pol,ir an-fts (idgure IV-12) 

The cusps are the "weak points" in the Fartlt’s magnetic 
boundars’ and magnetosheath plasma is alile to breach 
them, some of it flowing deep into the magnetosphere 

Sun 

^ Boundary of 

field lines 



along magnetic field lines and some of it e.Npamling into a 
"plasma mantle" alongside the tail. 


What may be even more significant, in or near tlie 
cusps the process of »/,TgHcf;c nteightg (or "magnetie re- 
connection") apparently takes place, establishing a con- 
nection between interplanetary magnetic field lines and 
those emanating from the ncighborlioods of the Farth’s 
magnetic poles (“polar caps"). Such "open" field lines are 
believed to couple the solar wind and solar energetic parti- 
cles to the magnetosphere and to transmit from the solar 
wind the encrg)> and the electric field w’hich drive mag- 
netospheric phenomena. 


Aero.ss the middle of the tail there exists a thick layer 
of hot plasma, the plasma sheet (logure IV-12). The origin 
and dynamics of the plasma sheet are still imperfectly 
understood, bur the region appears to he the site of the 
primary release of energy in iiiaijtiirtnsplH'iic mihstorms, 
rapid events wdiieh resemble solar flares in many ways. 
The impulsive phase of asiihstorm may last 10-45 minutes 
(possibly less) and wdien it is over, the tail’s magnetic 
field is found to be less distended than before, indi- 
cating chat part of its energy has been converted to other 
forms. 



CONVECTION FIELD OBSERVED FROM INJUN-5 


Fig, IV*13. (Right side) Electric fields observed by the ln]un 5 satellite as it passed above the magnetic pole in an orbit approximately per- 
pendicular to the Earth-Sun direction, across tho canter of the pattern depicted on the left side. The average trend (broken line) is contributed 
by the orbital motion of the spacecraft, while deviations from it measure the electric field intensity. (Loft side) Contours of constant electrical 
potential in the polar ionosphere, derived from observations such as the one on the right. The broken lino depicts the boundary of "open" 
magnetic field linos, merged with the interplanetary magnetic field, which transmit the electric field to Earth: the field direction in the right- 
hand panel reverses when this line is crossed. The total voltage drop across the pattern typically varies from 20,000 to 80,000 volt. 
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rhr i-iillip«c III ihc till field durinit t fulitiiirni ap|H*ir> 
III lir ikkiKUtrd Hiih a kinxig induced electric field which 
drnek lar|(e numlier* of plauiia cheel particle* earthward, 
inipariin){ to them conkideralile addiiiunal cnergv in the 
priun* hlecirnnc rner||i/ed in this manner may lie precip 
itaied into the upper aimuk^ihere, priHlucin|{ there l>ril< 
ham auroral display* (I- i|(ure I J) which peak in the "auro 
ral ocal" lieiwecn ma|(nciic latitude* of r>5^and 7<f Pro 
lone, on the other hand, may find th'.iim’he* injected into 
the trapped population of the rtng iurrfiti and rjJiali»n 
hflt Suhstorm acinity typically occur* at iniercaU of 
ceveral hour* and i* moM inience when the interplanetary 
majtnetic field ha* a southward component, a condition 
which aids the merj(in)( of interplanetary field lines with 
those of the I arth V\ hen large numlwr* of particle's are 
injected into the ring current (e g in a sequence of intense 
suhstornis, initiated hy S4ime interplanetary disturhancel, 
the result is a profound glolial tlisturliancr of the magnetic 
field oltsersed on the ground, known as a "magnetic 
st»»rm " 

Suhstorm* are accompanied hy a complex array of 
linked phenomena, jIhiuI which much remains to he 
learned Secomlary electric fiehls prinluced hy the earth 
wanl flow of plasma sheet particles lead to "p.ir.i//#'/ e/ci'- 
tru tifUx” (I i.e. voltage drops ahmg magnetic fiehl 
lines hecause chargetl particles are guided along magnetic 
fielil lines, such voltage drops can accelerate them quickly 
an»l efficiently Keanu of ionospheric oxsgen ions, accel- 
erated upward hy these electric fields and contrihuting to 
the ion population of the ring current, have licen ohserse-l 
(figure IV-I4I, and many auroras and pardcle flows in 
space also appt •• «» aused hy I- ^ Accelerated heams 

of electnms ate app .cnily unstahle and ilissipate part of 
their eneigs in the form of intense "kilotnrirh' r.iJuiion" 
(le having wavelengths of the order of I km, similar to 
lailio waves of thestandarvi A.M broadcast hand), studied 
from spacecraft since I *>7 1 Intense flows of particles with 
energies Id 15 times larger than those- typical of the aunc 
ra have also In-en observed in the t-il (* 3 5 Kj. ) iluring 
suhstornis, and mav he the terrestrial counterpart of high 
energv protons priHluceil in solar flares 

Closc-r to earth a relatively stable region of trappeil 
radiation exists, containing particli-s from the ring current 
which have viradually undergone additional acceleration, 
and also high-energy protons which are a secondarv pr«*d 
uct of cosmic ray interacti«*ns with the atmosphere A 
trappeil population of cold ions which form an extension 



F 19 . f\/'14. Schamatic view of voltag* drop* along magnalic 
fiald lina*. accalarating alactron* downwardi into tha alriotphara 
and positiva ion* upwards into tha right currant (Irom ralaranca 
113). 

of the ionosphere and which tend to connate with the 
earth the "pl,iMfi,nphrrr'' in figure IV 12 occupies a 
wide region around the earth, and is contained hv mag 
netic field lines which extend to distances of up to J (1 
K|. . Interesting modes of plasma waves are created hy 
interactions between this cold plasma and the hot parti- 
cles of the ring current (or those of the suhstorm), and 
such waves may cause- the latter to Ik- precipitated into 
the atmosphere. The AMI’S program (see appropriate sec 
turn) plans to inmate such precipitation artifically, using 
Spacelah to inject electromagnetic signals and cold lithium 
ions into the m.ignetosphere. 

I arge-scale electric fields, which may originate on 
"open" field lines (figure l\'-13) appear to permeate 
much of the magnetosphere and produce a widespread 
"convective flow" of plasma, from the tail towards the 
davside (this flow has the same general direction as the 
flow produced hy suhstornis hut is much weaker, and it 
sc-ems to exist at all times). I ikewise, there exists at all 
times a complex system of electric currents flow mg along 
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nu|(nriu licUl linr» into ihr mno^phrrr aiui out of ii (l i|t 
urr I\ -I5f, jppr<iHimji<rl\ 4lon|( ihr lNiun>l4nr< of the 
4urof4l iH4l. Hoih ihr firUft 4iul ihr lurrrnit ini'rr4ir in 
%irrn|{ih tlunn|i tuioiorim, 4nti ihr currrnu in p4riKul4r 
nuy prmitir 4n imp«iri4ni inpui of rnrr|(\ inio ihr poUr 
Hinotphrrr, 


IIECTWC CUNNINTS FflOM THi MAOMfTOSrMIM 
COUnJ TO TMf ATHMMMliflf 



Fif . IV'16. Elactric curranli flowint into lha auroral oval and 
out of It. logathar with toma aiaociatad phanomana 


Ihr f'ol^4lr i'ontmilirr (vrcl III c 4 ml rrf. II'J) h4» 
rrco|(ni/r(l ihr uniifur roir of ihr l'4rih\ nu|tnrloiphrrr 
4» 4 "l4hor4iorv lor coMtiU' pl4aiiu phyvica'* 4111 I h4» iilrn- 
iifK'il 4 iriiii4l prohirni 4tr4% in m4|tnriovphrrir ph\ti«i 
(l'i|[urr IV-ln) 

I. How iliH't ihr MiUr winti ir4n»mn rnrrjo 10 ihr m4|( 
nriovphrrr? 

II How »liH-\ voUr winil pl4\m4 rnirr ihr m4|!nrio- 
vphrrr? 

III How ilot'v ihr |(roni4|{nriu' 141 I iii»«ip4ir aiornl rnrr- 
g\ 10 rrr4lr suhviornu? 

IV How 4rr ihr 4lmovphrrr, lonovphrrc 4nil iiu^inrlo' 
vphrrr louplnl lo r4ih oihrr? 

Some cliirv, ihi-orim 4nil rorrrHiionv now rxivi whirh 
1411 Ir.iit uv |ow4r«lv 4iivwrring C4ih of ihrvr ipirvlionv. 
Howrvrr, nuny 4»hlilion4l oli%rrv4lion% 4rr nmlnl m 
p.iriiiul4r, vinuilunrouv lorrrUirvi oh\rr\4iionv 41 srvrr4l 
poiniv 411*1 ihc niosi iniporiani 4ni**nj; ihrsr jrr itii'lu*ic*l 
in ihr iiiiwionv pioposi''l hv ihis 5 vrar plan. 


PROBLEM 92 

HOW DOES SOLAR WIND 

COUPLE PLASMA TO 



Fig. IV'16 Soma outilanding problami ol magnaloapharic phytic* Irafaranca 11 31, 
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d. The Upper Atmosphere 

1 The Stratosphere and Mesosphere 

Almost i)ll Iniman activities take place in the tro/io* 
sphere, the atmospheric layer adjacent to the ground (I'ig* 
lire IV»17). The troposphere exhibits complex oynamics 
"weather" in everyday language since its main heat 
source is at its bottom, where sunlight heats the groumi 
and the ocean surface. Because heat energy is supplied 
from below and temperatures drop with increasing alti* 
tude, a situation is established which encourages the devcl* 
opment of large scale convective flows - indiuling thunder- 
storms, hurricanes ami other familiar forms. 


Between the altitudes of 13 ± 5 km ("tropopausc") 
and 50 5 km ("stratopause") this drop in temperature 

ceases and even reverses (higure IV-18) due to the pres- 
ence of a small but significant proportion of ozone (0,0! 
o/onc strongly absorbs solar ultraviolet radiation below 
3000 A, a range which contains about 1% of all the solar 
energy incident on l•■arth. This region is termctl the stnitO' 
sphere and the reversed temperature profile in it has a 
strong stabilizing influence! in the next higher layer, the 
mesosphere (50 ± 5 to 80 * km), the temperature once 
again decreases with altitude. 

'I’he combined stratosphere-mesosphere system, some- 
times called the mhUlle atmosphere, is thus also “heated 



Fig. IV-17. Schomntir; view of the atmosphere with its active minor constituents, temperature profile and energy transfer process 

(from roforonco 35-51, 


from below” and can generate its own flows (many define 
the "middle atmosphere" as also including the lower ther- 
mosphere' sec l\-d-2). However, observations of its 
dynamics have been scarce, because the region is not 
easily accessible to in-situ observations. 


When the dynamics of the middle atmosphere are 
examined more closely, they are found to depend critical- 
ly on a Cv.mplex web of linked chemical reactions, 
between constituents which form only a tiny fraction of 
the total atmospheric mass. As was already noted, 
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Fig, IV'18. Tho iiomunclaturo of otmosphorlc layers and bound* 
arlos, togothor with tho atmospheric temperature profilo (altitudes 
and temperatures may vary with location and time; see text), 


most of the heat by infra red (IR) emission (Figure 
1V*19). Water vapor is in equilibrium with the reactive 
compoumls H’O’. ON and IIOj, while "odd nitrogen" 
compounds such as NO and NOj (collectively denoted 
"NOx") limit the amount t»f O 5 by interacting with it, ‘I'o 
complete the description of this “chemical soup” (see Fig* 
lire iV>20) one must also take into account chlorine com- 
pounds, many of which appear to have a man-made origin 



Fig, tV-20, Schamatic of tho stratosphoric chomical system 
o/one-a minor constituent comprising 1-iO parts per ntil- (R.Stolarski). 

lion of the stratospheric gas"Contributes the bulk of the 
heating, while COj, 0 , and lijO (water vapor) dissipate 



Fig. IV-19. Tho rate of heating and cooling (in degrees Kelvin per 
day) produced by the major absorption and omission processes of 
radiation in tho middle atmosphere (after reference 25-9), 


(see below) and sulfur, which contributes to .stratospheric 
aerosols. F'urthcrmore, chemical equilibrium conditions 
vary with altitudc'--() 3 , for instance, is mostly produced 
near the top of the stratosphere, but its highest concentra- 
tions arc found in its lower levels (I'igurc lV-21). 


Such a comple.'t interacting mi.xture may well undergo 
significant clianges if some critical ingredient in it is per- 
turbed, and special concern has been voiced about pos- 
sible mmt'Wadc pcrturhiHions iiffectiiig ozone, which 
shields living organisms from potentially harmful solar UV 
radiation. An increase of NOx, fot instance, increases the 
rate at which O 3 is destroyed: the temporary decrease of 
the O 3 content above 35 km by about 15?b, following the 
arrival in polar regions of protons from the big flare of 
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Fig. |V*21, Oonsity profiles of ntmosphoric oionu, observed 
during spring with the help of ballons (Outsell, 1971). Each 
curve is tagged by the appropriate geographic latitudes divisions 
at the bottom and on the left give ozone partial pressure and 
atmospheric total pressure, respectively, in units differing by a 
factor of 10**. 

August 1972 (1-igurc IV' 22), was probably e, 1118011 by 
enhanced production of NOx- 

Tbe possibility that nitrogen compounds from ,irtifieial 
fertili/ers or from the exhausts of supersonic transport air- 
planes in the lower stratosphere can have similar effects 
has been studied, but the largest concern at present is over 
the effect of man-made chlorine compotiiuis Cl’Clj and 
(.F2C.I1 C’Freon 1 1" and “I*reon 12"), which are widely 
vised in refrigeration and m aerosol spray cans. These com- 
pounds are extremely stable and can be expected to reside 
in the troposphere fur decades until they diffuse into the 
upper atmosphere, where solar UV’ radiation decomposes 
them. Such decomposition, however, liberates elilorinc, 


whicit tlien proceeds to destroy O3 catalylically with 
great efficiency. 


TOTAL OZONE ABOVE 4 MB ( /v35 km) 
MEASURED WITH NIMBUS BEFORE AND 
AFTER SOLAR PROTON EVENT 



AUGUST 1972 

Fig. IV-22. A sharp drop In ozone content of the upper strato* 
sphere, following the arrival of solar flare protons In polar regions 
and observod from Nimbus 4. The vertical scale gives the height in 
units of 0,001 cm of a cokimn of ozone ai sea level pressure, 
containing as much ozone os a column of the same cross-section 
above the 4 millibar pressure level, at the observation point 
(D. Heothl. 

During the coming decade a great amount of new in« 
formation ahuut the middle atmosphere w'ill he providevl 
by remote sensing from space through measurement of 
IR emission and absorption by atmospheric molecules and 
radicals, and through probing of the atmosphere by lidar. 
Such tceliniqucs are further described in the sections of 
this plan concerned witlt SMH. UARS, Lidar and CMR 
(see table of contents). Data obtained from these missions 
will ultimately he eiucred into large-scale computer 
models .simulating tlic beliavior of the middle atmosphcrcj 
initial versions of such models already exist. An extensive 
iiuernational collaborative study of the middle atmos- 
phere, the Middle Atmosphere Program (MAP), is sched- 
uled for 1980-1985. 


2 The Thermosphere and Exosphere 

Above the boundary of the mesosphere (the "meso- 
pause” at 80 i 5 km) the atmosphere is heated up once 
more, this tune by the absorption of solar .X-r.ays and of 
solar UV' at wavvelcngths below 1800 A. Since the inten- 
sity ot such radiation varies greatly over the solar cycle. 
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the imi|trr4lurr of ihi« U>rr, (hr lhfrm»%pht‘ri>, j|*o 
«4rir« from mni Mini k 4t %oUr minimum lo * 2tHM> k 
41 iimr« <»f hi|th wiUr 4tii\ii> (l ifirurt- IV-2M. AIn>\c 4Im>ui 
4<Nl km i'o|tiM<m» lniwcin 4imo%phcru p4Mu'ln iNrinmr 
r.iihcT f4rc, 4nti iht' p4ri of the 4imotphi'rr which lirt 
U'>ontl iSi« 4lliiuiit' I* known 4« the evot ph,r,- 


I he lower ihcrmotphrrc i'ont4in% ic%rr4l n>tirworihy 
lf4iuro Al 1 10 * 10 km one limit the turhofuuir, the 
lr4ntiiion iH-iween 4 well mitr«l 4imotphere of 4ppro«ii- 



iw/ iwi i*M i«%^ l«s» i<a; iMt i«Mi i«»k i<Mi i«»; 


f IV 23. VaiMlKin ol ihatmcMphatie lamp^falutm ov«> a 
tola* eycia lalla* M. Nicolatl. 


iiuuK unilorni lompoMiion uml «me m whuh the al un- 
ilame oi ejih tonstiluent tleireaset with .illitutk 4l Us 
ovtn rale I he lighiesi eontliitienit ileerease iiiosi slowly, 
so that aloniii o\\);eii (Ol soon osertakes Nj as ihe major 
aimospherit tonsiiiueni, while iK’VonO al'oui liNHi km 
h\ilroyen !s ihe main remaining j>as The hydroyen sur 
rounds (he I arih in a cloud which exienils to jtreal dis 
lanics (I lyiire IV-241 and char|(c exchange with its atoms 
seems to he an imp«»rlani h*ss mcihanism for rinjf current 
pariieles inieetcxl durm|! sultsiorms. As has already Iwen 
noted, the healinj; «*l the thermosphere at limes «»f hijjh 
sida* aeliuiy causes it to expand upwards aii l appreciahly 
increases the atmospheric resistance encounirrol h\ near 
earth s.iielliles. 

Ihe lower thermosphere also contains a laser ol Na 
anil k around the aliiiuile of KO‘>o km. and My (neutral 



Fif. IV 34 Tha cloud of iiauiral alomte hydfo^an turrewitdiita 
Earth, viawad front tha lurtar surfaea in tha 1316 A Lyman alpha 
tpoctral lina of hydrofan This pictura wa« lahan by Apollo 
aatrortauta on 31 April 1673. usirtf tha Naval Raaoarch Labrna 
tory't Far UV Camara Ipictura courtacy of Q. Carrutharil. 

ami loni/ed) has Iteen obterxed 4l and alNise this leseli 
these particles proltably originate in meieorilct. Such 
aioms and ions may Ik- detected by lidarfsee appropriate 
aeetion) and the> may aid the studs of yravity waves, 
which are iK-lirsed to propagate near the mesopause. 


3 The Ionosphere 

.\t the higher altituiles of the thermosphere an inercjs- 
ingly large fraction of the gas is loni/ed^ this region is 
called kiir iimi>%phfrf (it oserlaps the thermosphcie, hut 
when the term “uinosphcre” is used the emphasis is 
plated on the loni/ixl components). Ihe ion density rises 
to a maximum of » !(•*’ per cm* at * iOO km (l-igure 

IV 25) and tiecreases rather slowly afterwards, reaching 
about lo* cm ' at liHNi km. At still larger distances the 
lon density is strattlied not according to altitude but 
according to distance along magnetic field lines, which 
control the motion of the ambient plasma: inside the plas 
masphere the density in thr- ecfuatorial plane may ulti- 
niatels decrc'se to 5(f l(Mf cm ’ while outside the plasma- 
pause, where magnetospheric conditions do not tasor ion 
containmeni. it mas drop to MO cm *. (!omplex diu-on 
tinuitics ('•troughs") in the densities of ions in the topside 
ionosphere hast- lu-en mapped by Al- satellites (see section 

V -c) and they appe-ar to Ik- relatetl to magnetospheric phe 
nometta, at least in some casc-s. 
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The iumispliere Iws a complex swuvturc. l arly stu«lics 
by means of raijjo sounders instruments beaming radio 
signals upwards from the ground and measuring the delay 
between their transmission and their arrival of a reflected 
signal from the ionosphere distinguished several regions 
on the basis of their electron densities, termed the !) 
region {6()*‘>0 km), the b region (‘/O’ MO km), the M 
region (140*200 km) and the 1*2 region (above 200 km). 
In each such region ioniraiion is attributed to a different 
part of the solar spectrum and/or to specific chemical pro* 
cesses which change in nature from region to region. The 
lower regions exhibit a large daily variation (e.g. the I) 
region practically disappears at sunset) while the I* layer 
distributions vary seasonally and over the solar cycle. 


Unique conditions exist in thc/mAir /i>wo.v/)/>m* ilue to 
the precipitation of auroral electrons from the m.igneto> 
sphere (and on occasion, the precipitation of solar flare 
particles) .iiul due to energy input from magnetospheric 
currents (I'igure IV'-15). The imignetospherie electric field 
(l‘igure IV'-U) causes rapid Howsm the upper polar iono- 
sphere, which have Iiccn observed from satellites and also 
by means of artificial ion clouds (section Vllbd-4). Mucli 
remains to be learned about these effects and about the 
Way in which they are linked to atmospheric processes at 
lower levels. 


The equaioml iotiospheri' also cxliihits an array of 
interesting phenomena, including the intense electric cur 
rent along the geomagnetic equator known as the “eque 
torial clcctrojcc'*, and irregular patches in the 1*' layer 
termed "spread l<" regions. 'I‘hc latter appear to be associ- 
ated with a local plasma insrabdity which produces huge 
rising "bubbles" in the ionosphere: the unstable plasma 
causes railio signals from communication satellites to 
scintillate (m a w,-iy resembling the twinkling of starlight) 
and interferes with their reception Such "bubbles", their 
dimensions and possible trigger meehunisins svliich initiate 
them are to be studied extensively by the Wave Injection 
i'‘adlity (WHO on Spaedab. 


4 Solar Activity and the Atmosphere 

iWer since the solar cycle was discovered, attempts 
have been made to correlate weather and climate with the 


Sun's 1 l year periodicity and wiih other solar "cycles" 

111 particular, the 27 day period of solar nnaiion (as 
viewed from the moving harth), the 22 year "tinulile sun 
spot cycle" and long term v,!ri,ttions in the average level of 
solar activity, such ;is the Alaunder minimum (h'igurc 
IV-S). Ileie the 22 year cycle is obtained liy regarding two 
consecutive sunspot cycles as a single period, since iheir 
Urge scale magnetic pat writs are not identical but have re 
verseil magnetic polarities. In adilition, .mcmpis h.tvc 
Irecn mads, to correlate atmosplierie circulation and other 
weather changes with tlic "mterplanctarv sector striic* 
ture" and with (.tagnetosplieric activity, 



Fig. IV'26, Ounsity profilos of various ion specios in tho 
Earth's Ionosphere. 


Most rcstdts have been inconclusive, Init some inter- 
esting links remain pofsiblc, 'I’he most pronounced among 
the.se is the cooler climate apparently associated with long 
term minima in solar activity (sect. IV-a-3 am! ref. 25-2). 
(lonsiswiit correlations h,ivc also been found between the 
passage of interplanetary sector boundaries (higure IV- 10) 
and Winter storms, expressed by a "vonicity area indev", 
in middle northern latitudes (references 25-3, 2.S 4). Other 
tentative correlations have suggested a 27 day fluctuation 
in the 500 millibar level of the .atmosphere, a 22-year peri- 
odicity (deduced from tree rings) of drought cycles in the 
high plains of the U.S. and a variation of mid-iatitude 
tliuiuler.storm frequency with solar activity. 

.Such phenomena, if they are confirmed, may be ex- 
plained in one of two ways, and both possibilities will be 
investigated by the missions proposed in this plan. On one 
hand, the solar constant may vary slightly for instance, it 
may rise and fall witli ilic average level of solar activity A 


36 



ilecrciisa of ilie tirdcr of r'u in this constant may be suffi> 
cient to pnuluee the cooling associated with the 
"Maunder minimum"; by way of contrast, long term 
measurements of this quantity during the present century 
are only accurate within ■ 1,5%. Instruments aboard 
SMM and S'pacelab will initiate a continuous effort to 
monitor this constant svith an accuracy of 0,1%, 

.Secondly, sve already know that the short wave solar 
radiation such as the extreme UV and X rays, as well as 
phenomena in the solar wind and the magnetosphere, all 
vary significantly with solar activity and with solar rota» 
tion, 'file energy reaching I'arih in these forms is only a 
tiny fraction of the solar energy arriving in visible sun* 
light, yet in certain regions this input dominates all others 
we Figure IV-23), and this could increase its effect on 
ihv total atmospheric circulation beyomi what simple 
energy considerations would suggest, Adiliiional modes of 


linkage should also be considered: for instance, the p.as* 
sage of a sector boundary shifts the pattern of electric cur’ 
rents flowing in the polar ionosphere, altering the force 
which they exert and thus possibly affecting wind flow. 
.Similarly, enhanced production of NOx by sohir and mag* 
netosplicric particles (Figure IV'-ZZ), lc.iding to catalytic 
destruction of o/one, may perturb the middle atmosphere 
far more than the associated energy input might indicate. 

If any such factors influence weather and crmiatc, their 
chain of causc’and’cffeet inevitably leads through the mid* 
die atmosphere. With UAHS and with the remote sensing 
instruments aboard Spaeclah, the program outlined in this 
report should be in a good position to suhstaiuktce or re* 
futc a wide range of links which have been proposed 
between the active Sun and weather processes, and lead us 
to a more soundly based physica' understanding of how* 
the Sun controls »mr environment. 
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V. CURRENT AND RECENT MISSIONS 


rlu'i diapicr vlcscnbcs the current program f«»r the 
suuly of solar-terrestrial relatums recent ami ongoing 
niissums which form the Inisis for future plans, ami plan* 
neil missions which have rccciveil approval hut have mu 
yet been carricil out. A list of unmanneil scientific space 
craft involved in these missions together with details 
alunii their orbits can be found m Table V 1. 

a, Solar Research 

Currently planned solar observations from space are 
largely the outgrowth of the successful series of OSO (Or* 
lilting .Volar Observatory) spacecraft, culminating in O.SO 
7 and OSO 8. 

tl) OSO 7, launched in .September 1971, observed solar 
activity in l-V, X rays and gamma r,iy.s, including the solar 
flares of August lv72. the largest in many years. Its ohser- 
vations at that time included the first detection of the 
eharaeccristic gamma ray emission of heavy hydrogen at 
2.2 Mev and other gamma ray "lines" at 0.51 Mev (from 
positron .annihilation), 4.4 and (i.l Mev, all confirming 
that flare processes imparted high energies to solar parti- 
cles. Other observations of O.SO 7 identified "coronal 
holes" and “coronal transiems", further described below 
in connection with the Hkylab mission. 

(2) OSO S, launched June 1975. observed the .Sun during 
its Imv-aetivity period, using a pair of UV spectrometers 


with a resolution of 2" - 5" (it also carried X*ray detectors 
for astronomical studies and a UV monitor for the upper 
atmosphere). It provideu extensive data .ihmit soimd-w.ive 
oscillations of .TO-550 seconds in the chromosphere, show 
ing that they matched theories of largC’seale solar oscilht 
tion motles previously observed m the photosphere hut 
that they could not provide an adequate heating source 
f«»r the corona, as had lieen suggested 


(i) The Skvliih manned orbiting laboratory (1973-4) pro- 
vided some of die most impressive solar observations, 
especially coiieetnmg lorowl ”holcK“ and ”inimii’iiis" 
(reference 22'6). Coronal holes arc dark and relatively 
cool regions in tlie corona, in which magnetic field lines 
are ‘‘open" to interplanetary space, rather tlian arching 
hack towards tlic .sohv surface. .Such regions can only he 
observed clearly in die extreme ultra-violet or m soft 
X-raysi they were detected by O.SO 4 and were studied in 
greater detail by O.SO 7. However, the 9-month period 
spanned by the observations of .Skylab provided a much 
more detaileii picture and ciivcred many wavelengths, cor- 
responding to different kinds of highly ioni/ed atoms 
found in the corona. .Skylab established that cornal liolcs 
were the source of the fast streams of solar wind, of the 
type associated with recurrent magnetic storms on cartii, 
and also that large stable “holes" existed in the corona 
above the polar regions of the .Sun. 
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Skylab also observeil huge coronal "transients" 
bubbk-like bodies of gas expelled by solar activity (I' igure 
l“2). Again, such transients had been recorded byOSO 7, 
blit Skylab did so with superior clarity and detail. Skylab 
instruments also produced a wealth of higluresolution pic* 
Hires of the S'un in selected UV and IH'N' wavelengths, 
which continue to help studies of processes which transfer 
energy in the solar envelope. 

(4) NASA's next scheduled nujor solar study is tbc.S’o/ur 
VUixitninn Missioti (.SAtM), to be launched in 147‘>. As the 
name suggests, this spacecraft is to concentrate on flares 
and similar high-energy phenomena on the sun, at the 
1 480 peak of the 1 1-ycar cycle of solar activity. 

The basic idea of these observations is as follows, 
blares and other manifestations of solar activity concen* 
tr.ite energy into hot regions and into fast particle beams, 
which become conspicuous by the emission of ahort uwe 
raih.itioii UV, X-rays and gamma rays. Accordingly, SMM 
c.irrics instruments covering this range, capable of resolv- 
ing features of 3i)00 7000 km, i.e, subtending angles of 
the order of 4"-10" (except at the shortest wavelengths, 
corresponding to the highest energie.s. where sul'Ii resolu- 
tion IS hard to attaiio see the description of the proposed 
"Pinhole Camer,i” mission below), Differeiu wavelengths, 
corresponding to various highly ionired atoms or to differ- 
ent energies of radiating flare particles, are also resolved, 
■u'd the instruments can be steered to observe the same 
active ph.-nomena simultaneously. SMM also carries a cor 
oiingrtiph for observing coronal transients and a so/ur 
(vm.swn/ monitoring pack.ige, capable of detecting small 
changes in the .Sun's overall energy output. 

S.MM is intended to lie complemented by Spacelab mis- 
sions. w hich will carry more powerful instruments but will 
haw limited observing time. Weighing close to 2 tons, 
S.MM will be the fii'-st mission to utili/c NASA’s Miilli 
niissidii Motlidor Sfunrciolt (M.SS), a standardi/cd large 
spacecraft mcor|iorating sophisticated hardware for data 
handling and transmission, attitude control and propul- 
■sion. It is to be placed in a low earth orbit around an alti- 
tude of 575 km, and it may be retrieved by the space 
shuttle and refurbished for future missions. 

b. The Heliosphere 

U ) The solar w ind in the earth’s vicinity has been moni- 
tored by a long series of /If/’ (Intfrphvu'tiiry Moiiitoritifr 


PUnjorm) satellites, with orbits which assured ilieir being 
in the solar wnnd much of the time. At present, IMPs 7 
and 8 arc still operating in large ncar-circular orbits. Sum- 
maries of the IMP ob.servations of solar wind plasmas and 
interplanetary magnetic fields have been publisbcil by the 
National Space Science Data Center and are widely irsed 
for basic correlations bctw'een tlic solar wind input and 
near-earth phenomena. 

(2) Hvu'tary inissions, especially Pioneers 10 and 11, and 
V'oyagers 1 and 2 altlunigh not primarily part of the 
Solar rciTcstrial Program, observe intcrplanetar,v pheiunn- 
eiia while in their “eniise mode": 

Tile dioiu’ci spturirajt, in particular, have extended 
our data Iwse to distances of about 10 astronomical units 
(one AU etpials the mean Siin-eartli distance). They have 
shown that: 

tile rate at which galactic cosmic r.ay intensity in- 
ei'(M.ses, W'ith growing distance from the Sun, is far 
smaller than had been thcoi'ocieully predicted, 

that at large distances from the Sun, boundaries of 
fast solar wind streams steepen to form shock dis- 
ooiuinuities, and 

that the interplanetary magnetic field is disk-like 
and seems to be stretched out in the Sun’s eipiato- 
rial plane (Figure iV’-9). 

(3) ISFP‘3, the 3rd spacceraft in the ISKK (/«/e»';w/;Vi;w/ 
Sun /'ill'//* t•'xpltyn'l^} mission (described further below) 
was launched on Agunst 12, 1978, toward a "halo orbit" 
around the Sun-earcb libration point, a point of gravita 
tional eijuilibrium on the Sun-earth line, about O.Of AU 
dist.int. thilike the I.MP sp,H’ecrafi, ISKF-3 will be in the 
interplanetary medium at all time.s, upstream of the 
earth’s how shock. 

The instruments aboard ISFF-3 include mass spee- 
mnneters for accurate analysis of the composition of the 
solar wind. Other instruments measure ion and electron 
energy tiistributions, magnetic fields, radio waves, low* f e- 
quency plasma waves and properties of interplanetary 
particles ranging in energy from tho.se typical of the si’’ *! 
wind up to the cosmic ray range, including particles .accel- 
erated m solar flares and perhaps also some which arc 
energi/ed in interplanetary space or in planetary magneto- 
spheres. 
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c. Th« Magnetosphere 

HriMu*r ihr nugnclmphrrc i* Idrgr anil iitmplrx, il« 
xluily require* fimulianinut olnervalion* ai differcni Uu'a- 
iion* When a niagnt-ioxpherii' »uti»iorm ociur*. for in 
xtanie, ohxerAation* in interplanetary ipace, in the polar 
cu«p\, in the plaxnia xheet, xeieral earth raiiii alnue the 
auroral /one, in the rin^t current and alkive the fiolar lono 
sphere (l i|!ure IV 12) all vsill complement each other 

rhi» hat led to tvto trendt. hn\t, magnctospheric re 
search tends to invoKe wuwy scparare ipuccitii//. anil esen 
instriimentt aboard tpacecralt ishich isere intended lor 
other purposes can play an important role the particle 
detectors on Applicat ions i'echnolo|(y Satellite (/MSI n 
Mere the lirst to detect in synchronous equatorial orhit 
electron iK-ams accelerated from the ionosphere, and the 
maitnetometer alMiard the Navy's navigation satellite Triad 
has provided a major portion of our initial information 
alkiut electric currents coupling the magnetosphere with 


the ionosphere lor the same reavm, magnetospheric 
research stresses collalkiralion lietMeen different space 
crali projects, inside and outside NASA and even on an 
international scale 

A and related trend is tovvariH coordinated, 

prolilem oriented missions involving multiph- v/mi t'l'M/f 
three for IS) I , two for AMIM h and two for Of (all these 
mivsions are descrilM-d Ik'Iovv) The final numiH-r of spaic- 
craft in the projvosed <M’I N project is not vet decided, 
hut It Mill prohahly Im- at least 4 

Kecent and current missions •nclude 

(I) ni/’.S ft, 7 anJ S, These last spacecratt ol the IMI’ 
serK* greatly espaiuled our information alxiut Mihslorttis 
in the plasma sheet of the magnetotail (figure \' I) and 
ahoiit associated plasma floMs, niagnetic held variations 
and high energy panicles The radio Mave esjH-riments on 
IMI’ n provided the first complete measurements of the 



SOLAR 

WIND 



F 19 . V 1. Chang*! in th* magnatosphaiic tail configuration during a subslorm, as daducad from obsarvalion by IMP 6 . 
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intense auroral ‘'ktloitn’lnc mluUion*' (with wavelengths 
oi the order of a kilometer) emanating from above the 
auroral /one, aiul these ivhscrvations were continued by 
liMI’ 8. 

(2) ATS 5 iiinl 6, although primarily applications tech- 
nology satellites, monitored the ring current (logurc 
1\'12) in synchronous orbit, detected ''/i/usw.i clotiih" iw 
jccled by substorms and also beams of electrons accelc" 
rated along magnetic field lines. 

(3) IhiU'hi'yf an explorer spacecraft developed and oper 
aied by the University of Iowa, proviilcil detailed observa 
tions of the polar cusp and its plasmas, a region where 
much of the initial coupling between the sohtr wind and 
the magnetosphere apparently takes place. 

C*l) The 1ST!' h2 Clnlernational Sun-I'arih Fxplorer 1 r2) 
mission consists of two spacecraft witli onboard propul- 
sion, enabling them to vary their mutual separation from 
too to 5000 km. l.SI-;lv-l was built by .N’.Vi.A, I.Sl‘l->2 liy 
the luiropean ,S‘paee Agency UwSA), and both were 
launebed together m Oetolier l‘)77. Tlie variable separa- 
tion lias cnabUnl these spacecrafts to determine, which of 
the variations observed by them are caused by motions in 
the magnetosphere ami which ones represent irregularities 
in the 3-dimen •f c structure of the magnetosphere. 
.Single spacecraft are often unable to tell the difference, 
especially over small ilistances. 

By liming the passage of the dat side magnetopause and 
imw shock past the twn ISI-F. spacecraft, investigators 
have already succeeded in measuring the velocity with 
which these features "flap in the solar wind" typically, 
around 0 km/sce. burther measurements arc expected to 
yield two'poim correlation functions of flows and mag- 
netic fields in the plasma sheet, an important property of 
turbulent plasmas. 

The mission also includes 1SKI‘>3, designed to provide 
eorrelaicd observations of the solar wind and described in 
the section on current missions for studying the helio- 
sphere. 

(5) Dyihjiiiics I'Xfilai’cr (IM'), to be lauhched at the begin 
ning of will utili/e two spacecraft in eoplanar polar 
orbits. One spacecral't, in a low-altitude near-circular or- 
bit, will observe magnetic and electric fields, electric cur- 
rents along magnetic field lines and plasma flows. These 


observations will make it possible to trace the processes 
which couple the magnetosphere and the polar ioiunsphere 
ami to measure the energy flow carricil by particles and 
currents from the magnetosphere into the atmosphere. 

()‘her instrumentf on the low-altitude Dl-l spacecraft 
will survey the composition and temperature of the ilier- 
mosphere aitd the flow of thermospheric atoms and ions. 
In this respect, l)F, w'ill continue the studies of the Alv 
.scries (see hehnv), hut with the advantage of being able to 
observe both inugnctospheric inputs and their effects on 
the aiino.spbere. 

The bigh-aliiuuie 1)F spacecraft will move in an eccen- 
tric orliii with near-eartb perigee but with an apogee of 
about 6 earth radii. In adilition to detectors for analyzing 
the energy and ma.ss of ions, this spacecraft will also carry 
a plasma wave c.xpcrimeni, a magnetometer aiul an 
imaging instrument for viewing large-scale auroral forma- 
tions from above, observations which can then be corre- 
lated with passages of the lower spacecraft ihrouglt the 
same formations. 

As noted before, the STB effort in magnetospberie re- 
search is coordinated wdth studies coiKhictcil hy other 
agencies and by other nations. Tlie ISHI'l mission is part of 
the International Magnetospberie Study (IMS) of l07(i-9, 
which also involves l•SA^s GKOS 1 (1977) and GKOS 2 
(1978), as w'cll as the Japanese KXOS spacecraft, con- 
cerned primarily whth the e.vospherc (.sect, IV-d-2). Note- 
worthy recent contrihiuions to studies of the magneto- 
sphere were also provideil by the US Navy's Triad 
(launched 1972) and by the IkS Air l-oree's S3-2 and S3-3. 
tlie latter of which observed beams of ionosplierie protons 
ami oxygen ions accelerated by voltage drops along mag- 
netic field lines*. SCATIIA, an Air l-'orce spaceerufi to 
study the electrostatic charging of cpacecraft in the miter 
ring current and carrying an extensive complement of 
instruments, is due to be launched in early 1979, 

d. The Upper Atmosphere 

The upper atmosphere can be .studied in-situ by sat- 
ellites only down to about 130 km. Below that level 
observations from the ground (e.g, ionospheric radio 
sounding or airglow measurement, s), from ‘mlloons and 
from sounding rockets have provided mo.st of our infor- 
mation. Instruments fur remote monitoring of the upper 
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lUmosphei'e from spaa* ;uc ret.uivdj' recent aiul only the 
proposed AMI’S uml UARS missioits Unnl'er descrjhed 
elsewhere in this plan) will begin utili/inj' them on a large 
scale. 

(’ament missions inchule 

11) The . hxplorrr (At') program incluiled 
3 spacecraft in low altiiiule orbits (Table V-1): AT-3 
(launcheil 12/73). AK 4 (10/75) aiul AI-.-S (1 1/75). These 
spacecraft carried oieboard propulsion, enabling them (for 
brief intervals) to sample the atmosphere down to about 
130 km, and they also employed a versatile data system, 
linked to a computer on the ground .so as to make newly 
acquired data available to the iincstigators with a mini- 
mum of ilelay (m.t esceeding 10 days and on occasion 
only a few liours). fhe proven AT design concept will also 
be followcti to a large degree by the l)T spacecraft, which 
will coiuiiuie some of the observations of the AT pro- 
gram. 

The AT program has provided global in siui observa- 
tions of the thermosphere the composition and tempera 
lure of boih its umi/ed and neutral components, the 
extent of ’'troughs" which develop in it and other lea 
tures. Among its specific observations. 

(ilobal mapping of nitric oxide (NO), observing the 
enhancement of NO in the auroral /one following 
the precipitation of energetic p.irticles. Tnhanced 
production of NO may possibly lead to o/one deple 
non associated w ith solar activity. 

l'\ten.sive information about ionic reactions in the 
thermospheie (reference 25-10). Because special 
co.'ulitions prevail in that region, such rates were 
often found to differ from tlmse preilicteil by lalm- 
rati'i’y e.xperimeius. 

Txtensive observations of .selected regions of the 
solar I'V spectram and us absorption by theatmos 
phere ,Such observations will be expanded by the 
occultation mode of SMT (below ). 

Observations of the densit.v and u[nvard fU»w of 
neutral hydrogen in the exosphere. This flow is the 
source of a huge cloud of neutral hydri'gen sur 


rounding the Tarth (Tig..re IV 2'1), which plays an 
important role in the removal of energetic protons 
injectcil into the terrestrial ring current during mag 
neuisphei’ic .suhsionns. 

(2) I'he.Vo/.tf Ut-Mijifii’ir l‘Xplt>irr (SMT). to be launched 
in l‘)81, IS designed to observe the eoneentrations of two 
active minor eonstituents of the mesosphere, namely 
o/one (0,i) and N()i (although most of the terrestrial ().» 
IS Mored in the lower .siratosphere, its origin is general m 
ilu* ujiper p.ii't of the stratospliere, near the houndarv’ of 
the mesophere). fhe eoneentration profile of tliese eonsti 
tiieius will he ohiained with an altiuide resvilmion of 
about 3 5 km. using the absorption and alsti the re emis 
Sion of sunlight near the hori/on as \ lewed h.v the space- 
craft ("solar occultation mctIuuT’). I’his will he correlated 
with t.inaiioiis of the ,sul.ir nliraviolcl flux, which will he 
monitored aboard SMT’ between IftOt) A and 3 100 

S.MT Will also measure infra red emissions as follows: 

1-rom t'Oj at IS/im, to determine temper.unre and 
pressure between 30 km and 75 km. 

Trom o/oiie at n,o/nn, to determine its densn\ be 
tween 25 and (i5 km. 

l■roln water \ apor at ().,3)/m, to determine its densi- 
ty between .(0 and n5 km. Water vapor in die upper 
atmosphere splits up iiuo active eoinponents whieli 
react w ith o/onc. 

I'l’om Oj at 127^111, giving the phoiodissociaiion 
rate of t) 1 between 50 and 'Hi km. 

(3) flic /'.v/i/oriT mission tl)T), to he launched 

in l‘>81, includes a low altiuule .spacecraft (l)T' B) which, 
in addition to other tasks, will eaiTv instrumeius to ex 
teiul the work of the AT mission. It w ill c,nry a mass spec 
trometer for neutnil atmospheric constituents, a spec- 
trometer for sensing winds locally aiul a Tahry-I’erot inter- 
ferometer fur sensing them remoteU . l•tll•tlu■rmol■e, it w ill 
also use l.angmuir probes and retarding potential anal\ vers 
to measure loc.il electron and ion temperatures crcspcc 
lively), and these will he eorrekued with the magneto 
spheric energy input due to preeipit.uing auroral particles 
and due to electric curreius, both of which will be hums- 
iircd hv the .same spacecraft. 
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VI. PROPOSED MISSIONS — OVERVIEW 


a. The Transition from Exploration to Detailed 
Study 

Kiirly space missions were mostly c.xpIoratory, designed 
to probe new regions for the first time and to offer a first 
look at new phenomena, In the time frame 1980-1985 our 
ambitions extend further: with some notable exceptions 
(e,g. the distant geomagnetic tail) the initial qualitative 
probing is complete and we have derived tentative models 
for all parts of the solar-terrestrial environment. The next 
step is to understand the processes which govern these 
regions--for instance, the processes responsible for energy 
release in solar flares and in magnetospheric substorms, or 
for the large-scale flow and energy balance in the middle 
atmosphere. 

How does one proceed? The proven way, and the one 
used in this plan, is to rely on the past as a guide to the 
future-/o follov) up find exploit successes find promising 
leads, derived from recent missions which have .studied the 
solar-terrestrial environment. 

Consider for instance the Solar Polar mission, l<‘ollow- 
ing the Skylab observations it became clear that "coronal 
holes" were intimately connected with the origin of the 
solar wind and with the “sector structure" of the inter- 
planetary magnetic field, a structure which has notable 
effects on the magnetosphere and perh.aps even on the 
atmosphere. Skylab also made clear that “semi-perma- 


nent" coronal holes covered the Sun’s polar regions, and 
some time afterwards Pioneer 1 1 provided evidence that 
the interplanetary magnetic field was stretched out (at 
least some of the time) in a disk-like fashion (Figure 
lV-9). 

It thus became evident that both the solar wind and 
the interplanetary magnetic field above the Sun’s poles 
were qualitatively different from those observed near the 
Earth’s orbital plane. The Solar Polar mission then became 
the logical next step: in some ways it is an exploratory 
mission to a new region in space, but it is not a stab in the 
dark, because previous missions have already given us 
clues about what might be expected, and the planning of 
orbits, selection of instruments and related theoretical 
studies were aU guided by such clues. 

Most of the other missions proposed here also repre- 
,scnt the logical evolution of instruments and models from 
previous successful missions to new areas of observation: 


~ AMPT1-. (Active Magnetospheric Particle Tracer Hx- 
perbnent), with its active plasma releases, utilizes 
experience gained in barium vapor releases from 
sounding rockets, in the ionosphere and on occasion 
also in more distant parts of the magnetosphere. In 
its turn, AMPTH will test the usefulness of distant 
ion releases for tracing magnetospheric motions and 
plasma entry and will thus prepare the way for more 
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sophisticiUcd active experiments from Spacelab (see 
sect. VIII'd'4). 

OlMCN {Origin of Pin sum in the Fmh's Seighhor- 
hoini) will follow-up on observations of the terres- 
trial ring current i y (IKOS and by ocher spacecraft 
(including the Charge Composition Kxplorer of 
AMb'fb), tail observations by the IMI* series and 
inputs from the ISKK mission, DK, S3-3, llawkcye, 
IIKOS and others. One important advantage will be 
tliat many observations, for the first time, will be 
performed siinultivk’ously in liifferent parts of the 
nvagnetospbere, making it possible to study the 
ways in which processes in different regions of the 
magnetosphere are coupled to cacli other. One of 
the spacecraft envisioned by OPKN is the Inter- 
phvietiiry Physics Laboratory (IPI.), a successor to 
ISI(lv3 which pioneered mass-spectrometer meas- 
urements of solar wind composition and was itself a 
follow-up on the 1Mb series. 

- The forthcoming UARS (Upper Atmosphere 
Research SiUellitc) mission and related Spacelab 
flights are both an outgrowth of a long and success- 
ful development of technology suitable for remote 
sensing of the middle atmosphere. 'I'he UV back- 
scatter measurements of ozone, for instance, will be 
an outgrowth of chose of Nimbus 4 (b'igurc IV-22), 
while CLIR (sect. VIII-d-2) will be following a suc- 
cessful .series of helium-cooled instruments (II IRIS, 
IRBS) flown aboard sounding rockets by the US Air 
I‘'orce. In future developments of this technology, 
Sp'ieelab will probably serve .is a "testbed” for ini- 
tial flights of instruments meant to be incorporated 
in follow-on UARS missions. 

b. The Space Shuttle 

While the missions proposed here represent a natural 
evolution of current achievements, there also exist impor- 
tant innovations. The most significant of these involves 
the use of the Space Shuttle, which in the 1980s is to 
become the mainstay of NASA’s launch operations. 

The orbiter of the Space Shuttle (Rigure II-]) is a re- 
usable manned spacecraft, capable of carrying a payload 
of 30 metric tons into low earth orbit. Launch is assisted 
by two large solid-fuel rockets and by a large e.xternal fuel 
tank feeding the Shuttle’s rocket engines, while at the end 


of each mission the orbiter reenters the atmosphere under 
control and uses its wings to land on a runway in the man- 
ner of a conventional aircraft. 

'I’he cargo bay of the Shuttle is 60 feet long and 15 feet 
in diameter (18.3 by 4.6 meters), and it can carry several 
payloads in a single flight. When the Shuttle serves as a 
launch vehicle, most such payloads arc expected to carry 
their own propulsion units, for the planned insertion 
orbit at 300 km is a relatively low one and orbital life- 
times in it arc short. 

The Spaeelah orbiting laboratory carried aboard the 
shuttle for conducting scientific experiments in space, is a 
major component of this S-ycarplan and a special section 
(the next one below) is therefore devoted to it. In addi- 
tion to Spacelab, many other accessories and options are 
planned for the Shuttle in order to make the best use of 
its capabilities. Launches from the Shuttle into higlier or- 
bits will utilize a choice of stamlard launchcrs-.S7j/V/«/H.g 
Salki Upper Sta}\e (SSUS) A or I) (with different payload 
capacities), or the Inertial Upper Stage (lUS). All space- 
craft launched into orbits below the synchronous orbit at 
6.6 earth radii arc expected to transmit their data not to a 
ground tracking network but rather to one of the two 
relay satellites of the Tracking ami Data Relay Satellite 
System (TDRSS). 

It has been suggested that the Shuttle may retrieve 
spacecraft such as SMM from near-earth orbits for refur- 
nishment or repair. An unmanned “space tug" is also 
being considered, to perform retrieval of more tlistant sat- 
ellites, e.g. those in synchronous orbit: it would rise from 
the Shuttle, rendezvous with the appropriate spacecraft, 
attach itself and finally, return to the Shuttle’s cargo bay. 
Another concept being actively studied is ihc Solar Terres- 
trial Observatory, an unmanned space station enabling 
large facility-type instruments, such as those planned for 
the Spacelab program, to operate in orbit for long 
stretches of time. The observatory would operate inde- 
pendently but will be visited per odically by the Space 
Shuttle for the exchange of instruments, maintenance, re- 
covery of film and special observations which require 
direct human control, 

Current plans call for 6 initital test flights of the Space 
Shuttle in 1979-80, some of which will carry limited 
scientific payloads. After this the Shuttle is to begin a reg- 
ular schedule of launches, which is expected to reach 
about 60 per year. 
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c. Spacelab 

’Hie Space Sluiule tn not only sehctlwlcil to become 
NASA’s sianJard launch vehicle, hut it will also he uscil to 
carry an nrhiting htlmmory to perform in situ evpcri 
ments in space, in sorties lasting 7-2H days. 

rhis orbiting laboratory, n.imed Slmrhh, represents a 
cooperative effort which began in 1972 between NASA 
and the l•uropcan Space Agency U-SA). I'SA has devel- 
oped and built two Spacetab units, including pressuri/ed 
cabiivs with laboratory space and supporting equipment 
te.g. power, computers and liaf handling), to be carried 
when necessary in the Shuttle’s cargo h.iy and to be 
entered through a tunnel from the crew section of the 
Shuttle U'igure ll-l). 

in the Spacclab mode, the Sluitile can carry 5000 9000 
kg of instruments, on pallets attached inside the cargo 
bay, and special supporting etpiipment »s also being plan- 
ned e.g. an articulated boom (supplieii by Canada) capa- 
ble of manipulating payload packages some distance aw.iy 
from the cargo bay and also used in the retrieval of free- 
flying subsatellites. The first test flight of Spacclab is 
scheduled for the middle of lUBi. 

I'he Spacclab eabiu follows a fle-sible design and uses 
either a single basic cylindrical .shell or two such shells 
joined together.- the latter configuration doubl -s the 
anuniiu of pressuri/ed work space hut it also reduces the 
.nailable work area in the open cargo hay, since the cabin 
must be placed a considerable distance to the icar in order 
to maintain the overall center of gnivity. With a single 
eabin-sbcll up to 3 pallets can be accommodated in the 
cargo bay and when no cabin is used, up to 5. The cabin is 
designcil so that entire self-contained rack a.ssembliv’S can 
be rolled into it and off it. allowing for a rapid turnaround 
of onboard equipment and making it possible to check 
out and integrate nuicb of the cquipnicni bcforcb.tnd. 

I'or the Solar-Terrestrial Program two main u.se.s of 
Spacclab are contemplated as a solar observatory and in 


the AMPS program (Atuiosphere. Maum'iosiuH'n' and Vlas 
was in Sfunr progr.im). The solar obsenatory will eventu- 
ally include at least 3 large facihlies, complemented by a 
number of smaller, special purpose mstniments- each 
facility will cover ,i different spectral range, with the Solar 
Optical 'relestope tSOT) using conventional mirror optics, 
,tn extreme ultr.i violet (XUV) telescope using grazing- 
incidence rcfleetion ami a 4nird X-ray imaging system 
based on the use of multiple collimators tthese arc all ilc* 
scribed in section VllTc). 


rbe AMI'S program, as its name suggests, will investi- 
gate several classes of phenomena. Klcciron beams arc to 
be rele.iscd from Spacclab m order to trace magnetic field 
lines and field-aligned voltage drops and also to investigate 
the interaction of such beams w ith the ionosphere plasma. 
Releases of barium vapor and perhaps also of cold gas arc 
envisioned, experiments are planned for studying the 
propagation of plasma waves and l.lDAR (/ i}tht Detevtion 
auu lian^in^v;) is to be used extensively in probing the 
, 11100 .^ 111 ^ 1 ’ by means of laser tight. In addition, sensitive 
spectrometers and other detectors for the characierisiic 
mlVa-red emissions of consiitiients of the upper atmos- 
phere will be carried, cooled down by liquid helium m 
order to increase their sensitivity. 


rwo modes of operation arc expeeied for Spacclab. 
Aor some studies, propo.sals for specific observations or 
experiments will be solicited from scientific teams and 
those teams which are chosen will he given full responsi- 
bility for the design and operation of their instruments, 
rhese are termed "principal investigator" class experi- 
ments. Some iype.s of apparatus, however, .serve a wider 
range of applications and require a greater supporting 
effort: such instruments will be regarded as seieinific facil- 
ities and will be made available to various scientific 
workers as the need arises. A number of such facilities are 
currently under stuiiy. and they are de.scribed in more 
detail in chapter VIM. 



VII. PROPOSED MISSIONS - FREE FLYING SPACECRAFT 


a. Sun and Heliosphere 

1 Solar Polar Mission and OPEN 
1. The Solar Polar Mission 

This mission, proposed for a 1979 start and a 1983 
launch, is planned as a joint venture with the European 
Space Agency (ESA), with NASA and ESA providing one 
spacecraft each. The combined payload of the two space- 
craft will be divided between US and European investi- 
gators in proportion to the relative financial contributions 
of the two collaborating agencies. 

Tbe Solar Polar mission will provide a first look into a 
region never previously explored, Up till now, iivsitu 
studies of the heliosphere were limited to the vicinity of 
the earth’s orbital plane, the plane of the ecliptic. The rea- 
sons were both technical and pracvical: a considerable 
amount of e.xtra rocket thrust is required to send a space- 
craft far outside the ecliptic, and all planets which have 
served as targets for interplanetary missions are found 
' i to that plane. 

However, as was noted in section V-b, it now appears 
that the solar wind and related interplanetary properties 
above the Sun’s poles differ considerably from those e-xist- 
ing near the plane of the ecliptic. This difference provides 
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the main motivation for the mission, which was originally 
known as the "Out of Ecliptic" (00 E) mission. 

To acquire a large velocity component directed away 
from the plane of the ecliptic, both Solar Polar spacecraft 
will utilbe the gravitational pull of the planet Jupiter. 
They are lo be launched simultaneously by the Shuttle 
and will then be boosted towards Jupiter by an Inertial 
Upper Stage (lUS). Reaching Jupiter J.3 years after 
launch, one spacecraft will be targeted for a gravitational 
swing over the northern Jovian pole and the other over 
the southern one. These gravitational swing-by maneuvers 
will direct the two spacecraft out of the ecliptic plane and 
into elliptical trajectories which are essentially "mirror 
images” of each other (Eigurc Vll-1), 

The spacecraft will pass simultaneously over the north- 
ern and southern solar poles, respectively, about 2,5 years 
after the Jovian encounter, at a distance of 1.3 Astronom- 
ical Units (1 AU £: mean Sun-earth distance). Each space- 
craft then crosses the plane of the ecliptic and passes 
above the other solar pole before heading back towards 
Jupiter’s orbit. Thus there will exist two periods, roughly 
6 months apart, during which the two spacecraft will view 
opposite poles of the Sun, Tbe two spacecraft will be 
tracked until about 8 months p,ast their second pobar 
passage, for a total mission duration of about 5 years. 

What can be expected to be learned from the Solar 
Polar Mission? 



COSMIC RAY TRAJECTOniCS 



It hils iilrciuly been noted that the Sun's polac regions 
resemble “coronul holes", witli "open” nugnetie field 
lines which allow easy outflow of solar wind. If such 
"polar holes" affect the flow of the solar wind in the same 
way as "holes" from which magnetic field lines e.'cteiul to 
the vicinity of the Karth, they ought to he the source of a 
relatively smooth interplanetary magnetie field svhich is 
not grossly twisted by solar rotation. 

But the polar magnetic field lines may well be also 
"open" in a different sense-in the sense that polar field 
lines of the Earth are "open". Terrestrial “open" field 
lines arc directly connected to the interplanetary magnetic 
field, and in the cusp region (Kigurc 1V"12) interplanetary 
particles may be guided along them deep into the mag- 
netosphere. A similar connection might exist between 
"open" solar polar field lines and hitmU’lhn space, so 
that the .Solar Polar spacecraft may observe interstellar 
cosmic fay particles without the modulation which is 


known to reduce their density near the plane of the eclip- 
tic. 

Tilt* Solar Polar mission can also attack related prob- 
lems involving the flow of high-energy particlcs-e.g. the 
3-dimensional structure of triinsient reductions in cosmic 
ray intensity following solar flares ("Forbush effect"), or 
the propagation of energetic particles from flare regions, 
which is expected to he different near the poles and near 
the ecliptic. The availability of two distinct spacecraft 
greatly extends the baseline of such studies: for instance, 
when solar activity is enhanced in a limited region on the 
sun, effects observed above the pole of the hemisphere 
where the activity has occurred probably differ signifi- 
cantly from those seen above the opposite pole, 

During the cruise towards Jupiter, with the spacecraft 
some 0,02 AU apart, me.asurcments can be made of small- 
scale variations in the solar wind on a scale comparable to 
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the spacecraft separation. l*rnni the Jovi.in fly by, new in* 
formation is also c.\pcctt*«l concerning tlie environment 
ami the radiation belt of the planet Jupiter, especially 
about the polar regions of the Jovian magnetosphere. 

The two spacecraft will not be identical, although both 
will carry magnetometers and also particle spectrometers 
fur measuring the energy and composition of the solar 
wind, Additional experiments will '»bserve cosmic rays 
and energetic solar particles, cosmic gamma ray bursts (a 
high^^energy asirtiphysics expeiimcnt), interplanetary plas« 
ma waves and radio emissions, solar X-rays and extreme 
UV emissions, as well as other phenomena, 

A whitediglit coronograph wi,S observe from afar the 
overall eonfiguratiois of the Sun’s corona in the plane of 
the ecliptic, which ought to be related to simultaneous 
observations by spacecraft near barth (such as IPL, be- 
low). A reciprocal observation of this kind will he per- 
formed by .SCADM, observing the corona in a plant* 
containing the solar axis at the same time when the Solar 
I’olar spacecraft will be oliscrving in-siiu conditions in that 
plane. 

ii. The Intarplanstary Physics Laboratory (IPL) of OPEN 

This spacecraft is one of the components of the OPKN 
mission, in which it is meant to play a role similar to the 
role of I.S*KK-3 in the ISlvl-; mission. ‘I’he OPEN study of 
the Fartli’s magnetosphere, described below in more de- 
tail, is sclictiuled for a 1982 smrt and for launches to 
begin in 1985. 

Like lSHE-3, the Interplanetary Physics Laboratory 
will have two distinct ohjeetivesi 

- In its primary function, it is an essential component 
of the OPHN study of the Earth's magnetosphere, 
providing simultaneous information about the state 
of the solar wind and the intcrplanerary magnetic 
field. Sueli information is essential, since magneto- 
spheric phenomena appear to he energized by the 
solar wind and arc profoundly affected by inter- 
planetary conditions. 

Independently of this monitoring function, IPL is 
also to study the solar wind in the Earth’s vicinity. 
The information obtained can then be compared 
with theory or correlated with measiircmeins of tlie 
Solar Polar spacecraft, or with solar observations 
such as chose performed by SCADM and Spacelab, 


Details of the OPEN mission are still being worked out 
and the instrumeiuatiun of IPL, foo, is still in the plam 
mng st.ige. Ihe si pport function of IPI. will certainly 
require detectors for plasma density, velocity and temper- 
aturc, as well as energetic particle detectors and sensitive 
magnetometers. Several important options exist beyond 
this, hut probably the most significant of these is instru- 
mentation for better resolution of solar wind compasi 
tion. 

Indirect studies of the composition of the solar wind 
have utdi/ed peaks in the energy spectrum that is, iliey 
have assumed that the solar wind moved at a uniform 
spccti and ascribed peaks in the energy distribution, at 
higher energies, to heavier nuclei in the solar wimi. LSEI->3 
is the first spacecraft to carry a mass speetrometer, 
capable of resolving different eomponents directly, hut 
there still remains an ambiguity due to the simultaneous 
presence of different ionization stales, since the LSEI>3 
instrument is sensitive not to the masses of the particles 
intercepted by it hut only to their mass/cluirge ratio. 

I’Uture studies of the solar wind, by IPL or its succes- 
sors, W'il! try to resolve both the mass ami the charge of 
heavier eomponents in the solar wand, The relative ahiiii' 
dance of different degrees of iuni/ution (e.g. iron ionized 
8. 9, 10 or more times) can serve as a "thermometer" to 
trace the temperatures of coronal regions in which the 
observed particles have originated. E'urthermorc, wlicn 
"temperatures" derived from different eomponents are 
compared, one can begin deriving theoretical mode's 
about the vertical structure of such regions of origin and 
in tins way help develop an accurate theory of solar wind 
origin. 

Other observations of the heliosphere which may he 
considered for IPL and its successors include 


Detailed measurement of the composition and 
energy of hif>her euerpy panicles (up to about 1 
MeV) accompanying the solar wind. Again, the dis- 
tribution of ionization levels in such particles fur- 
nishes a clue about their origin and may be com- 
pared to tlnit of the solar wind. The effect on this 
population due to the passage of shocks and turbu- 
lent regions-which might be their source of extra 
energy can also he studied. 
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Similar nicasuremeius on die '^Mumalom" heavm 
iom beivvecn 1 and 30 MeV, winch may lie either 
galactic (like connic rays) or solar if they are found 
tt> be completely iomred, they arc probably galae» 
tic, if not solar. The instruments used for this task 
c,in also observe euergiHic part iclea f rum solar flares 
and by analynng their composition, learn about 
their origin. 

Sentral tiiivrsh'llar atnim are not affected by the 
solar wind or by interplanetary magnetic fields, and 
can easily penetrate into the heliosphere. A long* 
range project, for which instruments still require 
further development, is the direct measurement of 
such particles, especially of elements heavier than 
hydrogen. 

2 Solnr Cycle end Dynnmlcs Mission (SCADM) 

While there exists great interest in the violent energy 
release events accompanying high levels of sohir activity 
(which are to lie studied by SM.M), there also exist many 
reasons for studying the ,Sun during times of moderate 
activity, between the peaks of the n-year cycle. These 
include; 

The need to measure the solar energy output 
throughout the entire cycle- 

'I’hc observation of solar surface oscillations, iindis* 
iiirhed by active regions and their complex m-ignetic 
fields, these provide information about the solar 
eomeetivc layer beneath the surface. 

Coronal holes, rapid solar wind stream.s and other 
phenomena which arc most vtmspicuous between 
periods of peak solar activity. 

^’o provide sueh data, the Solar Cycle and Dynamics 
Mission (SCADM or •‘Seadam”) is propo.scd for launch in 
1985. 1'hjs mission will also provide continuous coronal 
observations by means of coronographs using white light 
and the UV speeiral line of hydrogen at 12J6 A (Lyman 
alpha line) for the Solar Ptdar Mission, which will mean* 
while he passing high above the Sun’s poles. SCADM will 
also complement SOT and other solar Spacebab instru- 
ments, and i.s expected to advance our knowledge about 
the origin tif the solar wind, the Sun's corona, convec- 
tive motions and magnetic fields in the outer layers of the 
Sun. 


SCADM is undergoing a prchmin.try system design 
study and like SMM will use a Multimission Modular 
Spacecraft. It will be launched by the Space Shuttle and 
will be fully checked out in the Shuttle’s vicinity before 
being boosted by an on-board engine to an altitude of 575 
km. At the end of it.s mission SCADM is to be retrieved, 
and possibly to be refurbished and rcflown. As noted else- 
where, a similar reflight is considered for the SMM space- 
craft.- it is possible that if SMM is retrieved early enough, 
parts of it may be used for SCADM, hut bec.iuse of sched- 
ule limitations, the SCADM mission is planned independ 
cntly of the retriev.il of SMM. 

3 Solar Probo 

Up to now the closest approaches to the .Sun by terres- 
trial spacecraft were those of Mariner 10 which flew .3 
times by the planet Mercury (perihelion 0.39 AU), and by 
the iwp European Helios spacecraft, which penetrated 
within 0.30 and 0.28 AU of the Sun. Missions to the im- 
mediate vicinity of the Sun require an appreciable thrust 
and must cope with the high temperature environment 
near the Sun, but they also hold the key to several prob- 
lems, such as; 

The generation of the solar wind, 

- The oblateness of the Sun due to rapid core rota- 
tion. 

- Small modifications of the motion of spacecraft in 
the strong gravity field near the Sun, predicted by 
the general theory of relativity. 

Accordingly, ,a Solar Probe mission, designed to 
approach tlic Sun within 4 solar radii ( <= 0.02 AU), is 
being studied for a possible start in 1983 and launch in 
1986. 

To enable a spacecraft which has escaped the Earth's 
gravity field to hit the Sun, an extra velocity of 30 km/scc 
is required, cancelling the Earth’s orbital velocity, and this 
exceeds the velocity needed for escaping the solar system. 
The thrust requirements of the proposed Solar Probe arc 
not much smaller, and two alternative metliods for meet- 
ing them are being considered: 

The use of a gravitational boost from the planet 
Jupiter. 
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Fig. VII'Z.Tha trajectory of the lolar probe near ttie Sun, with merkt at hourly interval! (0 indicatet the point of closest approach). 
The spacecraft rotates in order to ettahle its heal shield to face the Sun et ell times. 


A low'thrusi urn engine powercil Iiy solar cells ami 
operating trvcr a relatively long stretch of time. 

The spacecraft will he shieltied from solar heat liy an 
‘‘umbrella’’ f.ienig the Sun and will spend about 20 hours 
within 10 solar ludii of the Sun (Kigure Vll*2). At its time 
of closest approach, the Solar Probe will be the fastest 
man made object ever to gt) into space and its velocity 
may exceed 300 km/sce. If the instruments continue fune* 
turning for a sufficiently long time, several passes near the 
Sun ean he aecomplisheil especially if ion propulsion is 
used, since the final orbital jieriod can tlicn be as short as 
one year. 

Observations by the Solar Probe are expected to slied 
light on the origin of the solar wind. A gener.il hydro- 
dynamic theory exists for the accelerated outflow of gas 
from a hot corona, but it contains many discrepancies and 
problems- insuffieient energy is predicted for tlie final 
flosv, and tlie phenomenon is greatly modified by the 
solar magnetic fields responsible for “coronal holes." 'I'he 
solar probe may furnish the first in-situ observations of 
the aederation region of the solar wind and the first direct 
measurements of its particle flows and magnetic fields. 
Plasma waves and turbulence in this region are also of 
great interest. 


The spacecraft will contain a sensitive acederomerer ' a 
completely enclosed test boily, its motion strictly 
governed by solar gravity and shielded from disturbing 
effects such .as the pressure exerted by particles or by sun- 
light, Coiuro! jets wmiild provide the main spacecraft with 
the small amount of extra thrust ncciled for keeping up 
with the test body. 

The observations of this instrument, coupled with 
accurate radio ranging, can accurately measure small 
changes in the spacecraft’.s motion due to solar oblateness 
or general relativistic effects. Solar oblateness due to rapid 
internal nn.itHm of the Sun tiai been suggested on theore- 
tical grounds, as a possible alicrnativc explanation of 
effects ascribed to general relativity, but the effect is too 
small to be reliably observed visu.illy from earth. 

4 Pinhole Camera Mission 

In studies of fkares and of active solar regions, short 
mvdiUtgtk r.iduuion is regarded as the “signature" of high 
energy particles. The shorter the wavelength, the higher is 
titc energy: U\', extreme UV, X rays and gamma r.ays indi* 
c,vte increasingly energetic portions of the particle popula- 
tion being produced. 
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Unfortunately, tnc shorte< the wavelength, the more 
difficult docs it become to olnaiii iw optical image of the 
emitting regi«>n. Mirror telescope optics can be used in the 
UV’ range and special mirror instruments, in which all 
reflections occur at very shallow angles, have extended the 
optical range to that of soft X-rays. The arrival directions 
of hard K rays and gamma rays, however, can only be 
deduced by using masks and baffles, as is being planned 
for the IIXII facility on Spacclab. b’or images of better 
quality, only the pinhole camera principle remains*- 
iibtaining an image when the object is covered by a large 
mask, through which only a small hole allows raiUation to 
pass. 

The Pinhole Camera mission, now under active study, 
proposes to use this principle for obtaining high resolution 
images ( t 1” • 2") of solar active regions in hard X rays 
ami gamma rays, at the time of maximum solar activity 
around 1990. 

The mission is schematically depicted in l-'igure 
vn-3. A large mask covered with lead or tungsten will 
be carried aboard the Shuttle into an orbit aligned with 
the dawn-dusk meridian of the earth. The mask will con- 
tain a large number of pinholes, to increase the intensity 
avail, ible for observation -the resulting image is then no 
longer sharp, but a “normal" image can be recovered from 
it by suitable computer processing. 



Kio. VII-3. Schoinatic viow of tha Pinhole Cnmero mission. 


Orbiting in a parallel plane about 1 km distant will be a 
detector satellite, carrying an array of .K-ray and gamma- 
ray sensons, as well as a propulsion s}'stem and a station- 
keeping control system utilizing laser beams, to make sure 
that the mask continually covers the solar disk as viewed 
from the satellite. The orbital plane of the detecting sat- 
ellite does not pass through the center of the earth, but is 


offset from it by 1 km, and thus the piopulation system 
must be u.sed throughout rhe mission- a total of 1500 kg 
of propellant is estimated to be needed for every week of 
observation time. 

The pinhole mission w'ill utilize pallets and other sup- 
port equipment from Spacelub, The mask will be stowed 
aboard the Shuttle in a folded configuration and after the 
detector satellite has been released, it will be deployed to 
its full size, with a total diameter of the order of 10 
meters. 

b, Magnetosphere 

1 Active Magnetospberic Particle Tracer E‘'.porimont 

(AMPTE) 

it is commonly accepted that the energy driving active 
magnetospheric phenomena such as substorms comes 
from tl’.c solar wind, as does as a large fraction of the par- 
ticles involved in such phenomena. How do solar wind 
particles enter the magnetosphere? One way for finding 
out is to inject into the solar wind “tracer ions" of a type 
rarely found in nature, see whether .such ions turn up in- 
side the magnetosphere and if so, where ami with what 
energies. 

This, in essence, is tlie aim of the .AMPTli mission, 
which plans to inject lithium and enropimn ions into the 
earth’s environment. Some of the material will he released 
in the solar wind, near the point where it first encounters 
the earth's magnetosphere, and the rest will be released in 
the near-earth plasma sheer, the region from which .sub- 
storm panicles appear to come. The mission is to be a 
cooperative effort with tlic l-cderal Republic of Germany 
and plans call for its start in b'Y 1980 and launches in 
1981-2. 

Two small spacecraft (55 kg each) will be involved. 'I'he 
Charge Composition Explorer is to be launched in late 
1981 into an elongated equatorial orbit with apogee at 8 
Rp (8 earth radii). It will carry a magnetometer and three 
ion detectors, capable of resolving ion masses and thus dis- 
tinguishing between artificially injected .species and natii- 
raliy occurring ones, I-'or the first few months in orbit 
CCK will monitor the naturally occurring energetic parti- 
cles, setting up a data base for reference before artificially 
injected particles are added to the environment. 
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Karly in 1982 the second spacecraft, the Ion Rckase 
Module (HIM) will be launched into an elongated orbit ex* 
tending to 20 Rj,; and initially stretching past the niag- 
netospheric boundary on the day side of the earth. IHM 
will carry three ion rcle.isc canisters-two of them contain- 
ing lithium and one containing europium. It will also 
include a magnetometer, making it possible to determine 
the magnetic environment at the time of the ion release 
and later to measure the magnetic effects of the released 
ion cloud. 

One lithium canister will be released by IRM at 20 Ri^^ 
in the solar wind upstre.im of the point where it first 
encounters the magnetosphere. Within about one hour, 
sunlight will have ionized an appreciable fraction of the 
lithium vapor an<i the resulting ions will be transported- 
and perhaps accclcrated-by ambient electromagnetic 
f'clds, through the same processes which affect natural 
ions in the solar wind and in the magnetosphere. CCli, or- 
biting closer to earth, will be able to detect ions which 
have entered the magnetosphere and to determine their 
transit times and the extent to which they have been ener- 
gized. 

Seven months later the IRM will have its apogee on the 
night side of the earth, At that time it will release its 
second lithium charge, in the near-earth pKisma sheet, 
which appears to be the source region of many substorm 
particles. The selection of the location for the release of 
europium vapor will depend on results obtained with lithi- 
um ions. Kuropium is ionized more rapidly than lithium 
(though less rapidly than barium--see below) and there- 
fore will form a more compict cloud which is easier tc 
track optically. 

The AMl’TK experiment utilizes the technology ot 
barium vapor releases, used since 1967 to produce lumi- 
nous clouds for tracing ionosphere fields and winds. 
Barium becomes ionized in sunlight quite rapidly, before 
it has time to disperse very far: this is an advantage in 
ionosplieric experiments, but not on a magnetosphcric 
scale, where one prefers lithium with its longer ionization 
time. Lithium also has the additional advantage of low 
atomic weight, close in value to that of naturally occur- 
ring II and He, so that it can be expected to behave in 
the same ways as they do. 

A ‘‘dress rehearsal" ion release e,\'pcriment preceding 
AMBTK, named '‘iMrewhecl", is also being considered. It, 


too, will be a cooperiitive effort with the Federal Republic 
of Germany and it will utilize a test firing of the European 
Ariane launch vehicle, 

2 Origin of Plasmas In the Earth's Neighborhood 

(OPEN) 

The solar wind interacts with the earth’s magneto- 
sphere in a complex way, and the energy supplied by it 
passes through a complicated chain of linked procesm: 
flows are created near the magnetosphcric boundary, par- 
ticles arc accelerated in the tail region, they are injected 
into the inner magnetosphere where storage and further 
acceleration may occur, electric currents are established 
between the magnetosphere and the ionosphere and final- 
ly, at the end of the chain, the ionosphere becomes heated 
and disturbed by precipitating particles and by electric cur- 
rents. As was noted earlier, in order to trace the time 
dependent processes which govern such linked phenom- 
ena, it is essential to conduct simultaneous measurements 
at different locations in the magnetosphere, as well as in 
the solar wind near it. 


OPEN is a multiple-spacecraft mission designed to pro- 
vide such measurements in the mid-1980s. It aims at a 
comprehensive, global assessment of the energy balance 
within the region of the magnetosphere and the near-earth 
solar wind, including: 

— Measurement of tlie solar wind energy input and its 
transfer to the magnetosphere. 

— Identification of internal energy sources within the 
magnetosphere. 


— Investigation of the interaction of these energy 
sources with one another 

“ Investigation of the storage and dissipation of 
energy within the magnetosphere. 


— Evaluation of the ultimate impact of these processes 
on the low a.titude earth environment 
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The 01’1'N inissioii is sull ii\ us study phase, hut cur 
rent plans arc focusing on 4 spacecr,irt missions th'igure 
V114). It IS proposeii that tin* project will start in 1982, 
launches will take place over a period of 18 months or 
less, hcginning in 198.S, and that simultaneous ohserva 
tions w ill then he conducted for at least 3 years. 

The 4 proposed spacecraft are 

I I'he hui’i'pLrin't.uy I'hymcs I iitumitury tllM.). 
already descrihed among imssmns investigating tlie 
Kun and the heliosphere, fhe IPl. plays the e.sscntial 
role of measuring the characteristics of the solar 
w ind aiul of interplanetary particles and fields which 
constitute the "input functions" of magnetospiicric 
phenomena. 

n. I'he ((•(•(m/.igHcrrV l\\it I abomory Uri'l.), which will 
conduct the first thorough study of the distant geo 
magnetic tail heyond the moon's orhit at nO 240 Rj; 

teaith radio, an almost unesplorcti region of the 
magnetosphere, t he (H’l. will observe the entry and 
acceleration of solar wind plasma deep in the tail, 
where rapnl earthward flows of hot plasma, ohsers ed 
vlosct to i-arth inside the plasma sheet, arc tlumglu 
to originate. In addition, it will also ilctcrmme the 
evicnt t«» which ionospheric plasma escapes from the 
magnetosphere along open magnetoiail fieht lines. 

lii. fhc /'o/.ir I'Lniihi I itboriUoiy tPlM,), placed in an 
elongaieit polar orbit with variable apogee. The PIM. 
w ill study the region above the auroral /one. where 
particles appear to be accelerated by voltage drops 
,dong magnetic field lines and where intense radio 
emissions originate. It will also be able to produce 
global images of the aurora as view-ed from above, 
and from us higliest aUmuies it will investigate solar 
w ind plasma entry imo tlie polar ^osps ami the mag 
nelospberic boundary regions above the FartlTs 
polc.s, 

iv. 'I’he bqiutiiiuil \U\iiiit‘tosphcrt’ / ii/mm/orv tl-MI.) 
will nuwe in an equatorial orbit aiul its distance 
from l•a|•rll will vary from 2 to 12 Ri.;, enabling it to 
study tlie plasmapause, the ring eurreiv the inner 
edge of the tail's plasma sheet and the noonside mag 
netop.iu.se. I’be will earty sensitive equipmeiu 
to an.aly/e the composition of the plasma encouiucr* 
ed In It and also to measure energetic particles aceeb 


cr,Ued along magnetic field lines by voltage drops 
along such lines ("parallel clecirie fields"). 

■pile four spacecraft will be launebed from the Space 
Sluiule using SSI'S A upper .stages and will include both 
hydra/iiie ami solid rocket propulsion systems, to permit 
necessary .station keeping and appreciable orbit elianges. 
In addition, each spacecraft will have us own unique fe.v- 
lures. 

IIM, w'ill be placed in a orhit" around the sun 
ward libration point, similar to iliat of lSKlv«3. In 
addition to Us eontribution to the OPRN mission, it 
w ill also conduct iiulcpendeiu studies of the inter' 
planetary medium. 

<; I'l, will utili/c i'nt omitt’rs with tho 

moon 111 order to change its orbit over a wide range 
of distances and inelinations. h’ .cept for a few 
passes by interplanetary spacecraft, the propertie.s 
of the distant magnetosphcrie tail which it will 
esplorc have never been measured, 

PPL will use its solid motor to c/’iiwgi' its .i/mgcc 
later in the mission Kor part of the mission, it will 
be at about 12-15 Rp, studying the region in which 
the solar wind is most intimately coupled to the 
magnetosphere. l*or the rest of tlic time it will have 
an api.pcc of 3 4 Rk, enabling it to investigate parti 
cle beams accelerated along magnetic field lines (de- 
tected by c.irlier .satellites and by sounding rockets) 
ami to investigate the source of very intense "kilo- 
metric radiation" originating above the auroral 
/one. k will also carry auroral imaging instruments 
for synoptic viewing of particle precipitation in 
polar regions- tlie images provided by such detectors 
provide a “global footprint" wbicli outliucs the 
areas where m.igiieiospheric energy is deposited in 
the upper atmosphere. 

ILML will be able to tiistiii};nish injfi'tions of cner 
getie ions /rum //'<■ vo/.ii whul (protons and He*"*), 
iottospbi’ir tii*) and the phisminphcrc (protons and 
lie'), m various regions of the ring current ami in 
the inner plasm.v sheet, lly seanning through direc- 
tions close 10 tliai of the local magnetic fieUi ("loss 
cone"), the instruments of FMl. will also be able to 
observe panicles accelerated by voltage drops along 
magnetic field lines and to study their evolution in 
lime. 
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F ig VM 5. Srh*nnlic ol lh« UARS mi»iion. 


It tli.it toM.irtls the t'tui i>t till' iiiissHMi, 

I Ml Mill llM- lt> lllotor til IIIKVl- into till' ^CKIII.IglU'tK' t.lll 
lilt'll' It Mill |ll|ll (ill III lll.l|t|«lll^ till' lll'ltls, |||.IS|||.IN .liul 
iiim HMi^ III till- tlisi.iiii ^I'ltiii.i^nt'iii lii'lil 

It li.is Ik'i'ii pniposi'il tlijt siii.illt-r '’I'vpltiri'r il.i>s’' nils 
sH'iis 111' iHiitUii ti'il III si'li'i'ti'il ri'^inns nl tlif iii.i^ni'tn 
spill'll', mill lirri'lltK mill OIM S I litsc iiuulii .ulil 
siipportiii^ iiit(>riii.iti(iii jlioiii lii'lil .ili^tii'il I'tirri'iits .iiul 
I'li'i'irii lii'lils III pnl.ir ii'j;i<iiis, ii.iii- jiul pl.isiii.i pnu'cssi's 
(iniliiilinp ri'i'i'tiiK tiuiiul iiu^tu tiisplu-rii' I't'lci'tsnl (i(i 11 / 
pitvsi'i j;iiil r.iiluiton) .mil ulisi-n.iiniiis nl ilif iii-jr i.iil, in 
111 •'iirii'l.iii'tl mill llinsi' lit till' iiinrt' ilist.int (ill Cnti 
iiTsi'K. siiili iiiissinns mil lii'iii'tii frnm siippnrtiri): 1I.11.1 
luinislii'il |i\ lilt' Ol’I'N’ tiiissiiiii .iiiii I'luilil I'limpli'iiii'ni 
.HUM' i'\|H'rimi'iiis, sill'll .IS I lii'lil It' .1 1 ri'li’.isi's l.uiiulu'il liv 
Sp.ii'i'l.ili 

(Mlu'i suppnriiiif: olistTV Jiuiiis .m- t-xpi-iiiil i>i I'niiu- 
trnili till' .WU'S prn^r.ilil iisiilj; Sp.ucl.ili. frniii sfiisnrs 


I'jrrit'ii .ilm.inl l'.\KS .iiul from ^rmiiiil lusiil iiisirunii'nts 
sill'll .IS III i^iu'tnmcti'r ni'lHiirlis .mil iiinosplu-rii' ruil.irs 

c. The Upper Atmosphere 

1 The Upper Atmospnere Research Satellite 
(UARS) Program 

i. Overview Remote Sensing of the Strato 
sphere and Mesosphere 

I'ppir .itiiiosplitrii' rcsi'.inl. from sp.in’ mil shift ns 
I'liipli.isis iluriiig till' I'lniim^ ilccjilc. fniiii in situ nlisi'ria 
tnni of till' thi'miosphcri' uhoxi' I2t( km (strcsscil in the 
.\l- projir.im) to ri'niotr \rusiti^ oj tiw sir.iiosphcrc ,nui 
»//«'ii»sp/>('»«'. I'Mi'iiilin^ from * IS km to K5 km. 

Hi'i'ausf tht's*' l.iM-rs arc tim high for aircraft ami icm 
loll tor satellites, oliserv.itional data alioiit thetn have heen 
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hard to obtain. In recent years, however, there has arisen a 
growing awareness of the need for understanding them, 
because of their connection to the earth’s weather ami cli» 
juatc aiul also because of possible impact by man’s uctivi' 
ties on the stratospheric o/one layer. Moreover, advances 
in remote sensing have made it possible, for cbe first time, 
to study these altitudes extensively from space, ami the 
Space Shuttle has matle it practical to carry into orbit 
large and sophisticated instruments, which can be cooled 
down to reach the rt?quired sensitivity. 

This new program is rather naturally divided into tw'o 
parts. On one haml, the Vfifn’r Atitiosphm' lit’smrh SiU 
t'lliU' (UAKS) program will provide foiifiiiitous f^lotuit 
ohsi'rvfitioiis by means of relatively compact sensors to- 
gether witli a selccteil number of survey instruments. At 
present two overlapping L'AliS uiissions are contem- 
plated, with launches in l‘)83 and l‘>84, but the hope is 
that this program will continue over at least one full 
] 1 -ycar cycle of solar activity, so that the full range of 
possible upper atmospheric comlitions is observed. 

These missions will be complemented by the larger ami 
more versatile histriinieuts of Spaeelah, capable of better 
resolution, higher sensitivity (helped by thorough cooling 
of critical components) and higher data rates, but with 
severely limited observing time. As new techniques are 
tested and proved aboard Spacclab, or new needs arc un- 
covered by its broad-bami observations, the selection of 
instruments aboard future UARS spacecraft ma\’ be up- 
gradeil correspondingly. 

The stratosphere and the mesospbere are heated by 
solar UV radiation; most of the energy absorption occurs 
in straiosplieric o/one, while the temperature of the meso- 
sphere is maintained by large-seale flows, wdiich have only 
been superficially observed, in an equilibrium, of course, 
the rate of heating is matched by that of cooling, and this 
cooling occurs primarily in the infra-rcil (IR) wavelength 
range. 

The IR emissions rcpre,scnt .spectral lines and bands of 
the atoms, molecules, ions and radicals which produce 
them and they can provide considerable information 
about the composition and temperature of upper atmos- 
pheric layers, l-'rom space they are iiesc obscired on the 
limb (horizon) of the earth, since rbc atmosphere is then 
viewed tangentially (I'igure VR 5 ) .-md has a relatively 
large depth. Typical limb observations by UAR.S will 


measure atmospheric propcrtic.s with an altiuule rcsolii- 
tion of 3 km, averaged over an area of 500 km by 1000 
km. The proposed orbital altitude of 400 • 600 km is siieb 
that after the satellite views any limb region in a direction 
perpendicular to its orbit, it passt.su/un’c the same region 
during ii.s ne.xt orbit, at which time it can measure prop- 
erties of the same region which require vertical viewing, 
such as cUnul cover aiul cloud-top temperatures. 

The difficulty with remote scanning of the IR emis- 
sions, especially at the longer wavelengths, is that all 
heated objects also emit IR, including pans of the .space- 
craft and the detecting instrument. Ik‘cau.se of this, it is 
desirable to include cryogenic cooling (using liquid helium 
or solid hydrogen) of the instrument or at the very least 
of the detector. On OARS it is planned to cool key com 
ponents and to preserve the cryogenic material for as long 
as 1.5 years by means of .suitable insulation. Thisimpo.ses 
a major limitation on the operating lifetime of UARS and 
has motivated studies of the possibility of using the .Space 
.Shuttle to retrieve and/or refurbish the spacecraft. 

An additional mctlunl for measuring the concentr.i- 
tions of active minor constituents in the upper atmos- 
phere is by solar occiiltation by the absorption of .sun- 
light in selected spectral lines when the sun crosses the 
limb, a method also u.setl by the Solar Mesosphere Kx- 
plorer (.SAIK) described earlier. This method can be 
e.xtremely .sensitive, Init it may only be used twice in each 
orbit and even then only for a small region of the earth's 
limb. Like, SMF, UARS is also expected to monitor solar 
UV emission in order to determine the energy input into 
the upper atmosphere and to follow its variation during 
times of changing solar activity. 

A number of different instruments is being considered 
for .such remote .sensing, some of them still under develop 
ment. Some are railioniciers, permanently tuned to a spec- 
tral line of .some selected component, while others are 
speciroinetcis, capable of scanning an entire spectral 
range; the latter class is more versatile but is also more 
demanding where it comes to power, weight, cooling and 
data transmission. Broad-band .spectrometers are certainU- 
suitable for Spaeelah AMPS niLssions, and it is anticipated 
that some UARS missions will also carry at least one large 
instrument each. Radiometers can be designed to be .sensi- 
tive to pre.s.sure and to one component of the wind veloc- 
ity. A microwave limb sonmier capable of two-dimen- 
sional wind measurements is under development, as is the 
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l,wr heu'radyiio ntdioim'tvr. The latter instrument is par* 
ticulurly useful for measuring very low concentrations of 
certain species, incluiling the niammatle compounds 
Cl'Cl^ and CI’ 2 Clj (commercially known as Freon-11 
mul Freon 12) which have precipitated concern about 
their possible impact upon the o/one layer. Prototypes of 
such instruments and also of a faHR speetrometer arc to 
be test-flown on balloons in 1978-9. 

ii. The First UARS Missions 

I'ARS-A is to be launcbed in late 1983 from Cape 
Canaveral into a circular orbit with an altitude 400-000 
km and an inclination 56‘* (the highest one available from 
this launch site). The launch will utilize the Space Shuttle 
and ilata will be transmitted by means of the 'I'racking and 
Data Relay Satellite System (TDRSS). 

Two sample payloads have been proposal for the 
initial UARS missions (reference 33-2). Their main differ- 
ence is that one option includes a large cryogenic limb 
imcrjcromcicr spectrometer, weighing 570 kg and capable 
of measuring the infra-red spectra of many active species 
(including (’.F’(U.} and (’.I'jU.li), from which one can 
(among cuher things) derive the temperature profile of the 
middle atmosphere. Other proposed instruments include 
assorted radiometers and spectrometers, observing key 
properiie.s of active minor constituents in the middle 
atmosphere such as o/one (O3). COj, iljO. The 

solar UV spectrum will also lie constantly monitored. 

The objectives t>f the first mission arc to conduct the 
following investigations in tlie middle atmosphere! 

Study the energetics and chemistry at low, middle 
and moderately liigh latitudes, witli emphasis on 
solar flux energy inputs. 

Initial studies of dynamics and transport. 

• Initial studies of coupling and interactions among 
different processes and different atmospheric 
regions. 

The UARS-H sp.icccraft will be launched by means of 
the Space Shuttle within less than a year. The overlap in 
time between the two missions will thus make it possible 
to compare their observations and the calibrations of their 
instruments. 


Tlie launch is to be from the Western Test Range, 
making it possible to increase the orbital inclination to 
70'\ Since the distance from UARS to the limb of the 
Fartli (the horizon as viewed by its instruments) equals 23 
degrees of latitude, titis w'il! enable the second spacecraft 
to scan tile entire globe, including the pohir caps, where it 
will be able to assess the upper atmosplicric effects of the 
long polar night and polar day. Also, since most magneto- 
spheric inputs, ot energy, momentum and particles into 
the upper atmosphere occur in or near the auroiai zone 
(magnetic iatitude 65^ - 75*^), UARS-B will be able to 
measure their effect on the mesosplierc and stratosplierc 
It is e.xpceted that tliis spacecraft will also carry sensors 
such as electric field probes and particle detectors which 
will provide simultaneous observations of relevant mag- 
netosplicric quantities. Sucli sensors (aboard UARS-B or 
on subsequent UARS spacecraft) can lend support to tlie 
OPKN mission amt conversely, OI*FN can observe wide- 
spread manifestations of magnetosplicric activity coin- 
ciding witli energy flow from tlie magnetosphere into tlie 
atmosphere, as measured by UARS. 

The objectives of Uz\RS-B resemble those of tlie first 
mission, with the addiiion of tlie special points noted 
above, especially the effects of the polar night and day 
and of magnetosplicric inputs, 

Both UARS spacecraft will transmit about 50,000 
bic.s/scc of data ibrough the TDRSS satellites to a sophisti- 
cated data handling facility, developed from the successful 
support system of the AK mission. Frocessed data will be 
available within several days of being collected (and even 
more rapidly for special selected observing periods) and 
will be made available to all the c.vpcrinicmers by radio 
links or via the telephone network. A dedicated computer 
will reduce the data to standard form, prepare summary 
plots and data files, perform routinely a number of fur- 
ther ilerivations and will be available for computations 
required by e.vperimenters. 

iii. Follow-on Missions 

Further UARS missions arc expected to follow the 
initial two, probably in orbits with 70*^ inclination to en- 
sure global coverage. As noted, these missions may include 
refliglits of rcfurbislicd UARS payloads. The instrumenta- 
tion wili be upgraded whenever possible, especially for 
measurements where tlie early payloads only provided 
"minimal usefur’ data. The choice of new instruments 
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will rest on experience gained in earlier UAHS missions 
and on new technology developed in the laboratory ami 
tested aboard Spacelab. 

The results from all UAHS missions, of course, must be 
assimilated by theory, to provide a better understanding 
of upper atmospheric processes, There exist at the present 
time, for instance, a numlier of computer codes modeling 
the behavior of the upper atmosphere, under certain 
assumptions and simplifications. The observations of 
UAHS will provide more realistic input conditions to 
use in such programs and will also yield ilata with which 
the predictions of such programs may he compared. 

Such results will have particular significance in tracking 
down any processes which may cause solar activity to 
affect weather ami climate in the lower atmosphere: 
several such "Sini imitber com'hubm” liave been pro- 
posed (section IV-d-4), but their explanation is not clear. 
However, since the middle atmosphere is strongly affected 
by solar activity-due to both the associated enhaneement 
of solar UV emission and the energy deposited by the 
polar aurora ami its associated electric currents -it almost 
certainly acts as an intermediate link in such processes. 
The data furnislied by UAHS over the span of a solar 
cycle' will permit a quantitative assessment of the effects 


of solar activity on the stratosphere and the mesosphere 
and of the extent to which such effects influence the tro- 
posphere below 

In summary, the ohjcctivcs of follow an missions are: 

’ Fxtend the data coverage in time to permit study of 
upper atmo, spheric phenomena over a solar cycle 
and to evaluate ycar-by-ycar variability. 

- Hxtend the data coverage in time to evaluate pos- 
sible long-term perturbations of the upper atnios- 
phere due to man'.s activities. 

As new instruments become available, to increase 
the accuracy, resolution and altitude coverage (e.g. 
for chcmic.ll species and winds) beyoml the "mini- 
mum useful" level to the full extent wbicli can be 
meaningfully used in clicoretical models, 

- Provide better temporal and spatial coverage by the 
use of multiple spacecraft in nrbit simultaneously. 

- Hnhance the study of the lower thcrmosplierc in 
recognition of possible coupling mechanisms with 
the mesosphere and stratosphere. 
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VIII. SPACELAB MISSIONS 


a. The First Missions 

'I’lic 5*yciir plan for Solar Terrestrial research includes 
two programs uciliring the Spacelab orbiting laboratory, 
which was already described earlier (sectitm Vl*c). These 
are the Solar Observatory program and the Amospberc, 
Mapiivuispherv and Plasmas in Space (AMI’S) prt)gram. 

At the present time the payloads for the first two 
Spacelab missions have been selected. In addition, Orbital 
Flight Test 5 (OIT-5) of the Space Shuttle, currently 
scheduled for October 1980, is .also expected to carry a 
limited scientific payload using t>ne of the Spacelab pal- 
lets. All these missions will carry mixed payloads, parts of 
which will be devoted to investigations in astronomy, life 
sciences and technology, hut the following experiments 
aboard them arc part of the Solar Terrestrial Program: 

Orbital Flight Test 5 will include: 

A "Plasma Diagnostic Package" (PDP) subsatellite 
for measuring plasma properties and electromag- 
netic fields around the shuttle. On the OFT-5 flight 
the PDP will remain attached to a manipulator 
boom, which will be deployed into the vicinity of 
the Shuttle’s cargo bay. On the second Spacelab 
flight, the same subsatellite is to be released into 
free flight. 

-- A solar X-ray polarimcter, to measure the polariza- 
tion of hard X-rays from solar flares and thus pro- 
vide information about the mechanisii. g-nerating 
them. 


- Instruments to observe electrical charging of the 
Shuttle in undisturbed flight (this is expected to be 
small, but could offset some on-board observations) 
and also the charging effects produced by the opera- 
tion of a small electron accelerator. The latter test is 
in preparation to the more elaborate accelerator 
experiment on Spacelab 1. 

-- A solar ultr.'iviolet spectral irradiance monitor, meas- 
uring the absolute intensity of solar UV radiation 
over a wide range. This instrument will provide new 
data for deriving the heating of the upper atmo.s- 
pherc and also for better modeling of the Sun's 
envelope. 

Spaceliib I, utilizing the Spacelab cabin and one pallet 
(Figure VllH), is tentatively scheduled for the 11th flight 
of the Space Shuttle in m id-1 981 and will carry: 



Fig, VI 1 1 -1, Spacelab 1. 
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— An irray of S ftpciiromrlrrt lo ol>«rnc ihc Jirgiuv 
iKtMccn 2(Kl A and I2(MHI A, provi«iin|t t wide 
ran|(r of information aUiui the conipo»ilion and 
rnrr|ty l>ud|i€i of the ihrrmotphrrc and alMiui the 
production, loti and traneport of photorlrrtront 

— AIMOS, a toltir onuliaiion iptciromtlrr func- 
tioning lictwrcn 2 and 16^ (*rr tretHm on Solar 
Mrtoaphrrr fxplortrj. 

— A "itrillr (pretrometer” opcratin|i tictwcrn 2.5 and 
I lor lioth Milar tKculation and limit rmiuion 
mra>urrmrnta. Attached to a 30 cm teleuitpe, thii 
in«tr-.<nent har tiperated tucceaafully from aircraft 
and lialltHint 

— A Wuhetum inttr/rromi’irr ftir »tud> ing temper 
aiure% and U'ltiJt in the meMisphere and ther- 
mttephere, u»in|( the structure of selected cpectral 
lines of oxv|(eii and a spectral lumi of OH. 

An eleetnin uceeleramr experiment which alstt in- 
cludes an arejet, radio wave receisers. particle tictec- 
tors and other accessories This will l>e the initial 
test of the accelerator facility, which is meant to 
liecome one of the maior components of the .X.MHS 
pro|{ram (see further on) On this flight the electric 
neutralization of ;he Shuttle during accelerator 
operation will Ik* examined, as will the propagation 
and stability of the electron iK'am and the possibil- 
ity of exciting artificial auroras and airglow emis- 
sions 

A very sensitive TN' camera, capable of observing 
both natural auroras and artilicial ones (see aUive). 
Optical filters will be provided in order to produce 
images in narrow spectral bands and thus enhance 
the contrast. Ibe camera is also u'nsitive to ultra- 
violet and by the use of filters it can lie tuned to the 
l’\' lines of .Mg’ ions at 27<)5 A and 2K02 A, allow- 
ing such ions to lie used as tracers of ionospheric 
motions 

Other experiments will monitor the solar eonstant (an 
obsercation supplemented by precise measurements of the 
solar spectrum) and trace the magnetic and electric field 
structure in the upper ionosphere by relatively low level 
heam\ of elet Irons and ions 


S|NicrUh 2 will carry no separate cabin but only 4 pal- 
lets (f igure VIII-2) and is tentatively uheduled for the 
I4ih flight of the Space Shuttle, in fVHI. Three of its in- 
struments will olrservc the Sun and they include 



Fit VIII 2. Spcealab 2 


A magnciograph for measurement of ssilar magru tic 
fields and flow velocities. 

A solar helium abundance experiment. 

A High Kev'luiion Teleuope and Spectrograph 
(IIKI'S), covering the l \’ range from 1175 A lo 
171 5A. This instrument has successfully operated 
on rtK'ket flights and it has In-en proposed for the 
initial flight of SOT (below) 

Spacelab 2 will also try to produce ionospheric deple 
tions by firing its main thrusters (see Ik-|ow, section on 
(!K.M) and it will eject the PHI’ subsatelbte previously 
tested aboard ()l 'l-5 for performing plasma experiments 
away from the Shuttle 


b. Later Missions 

The flight schedule following these first two missions is 
still flexible, but the general lines along which the pro- 
grams of the Solar Observatory and ,\,MPS will cfevelop are 
guided by the development of a numlier of large instru- 
ments. Some of these are planned as facilities and will lie 
shared by a number ef users, some (e g. viii. Iielow) are 
"principal investigator" (PI) instruments, and some could 
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ctmecivitbly* start «)ut as I’l instruments ami be later con* 
verted to shared operation, The instruments are; 

In tho Solar Observatory 

i. The Solar Optical Tel. scope (SOT). 

ii. The (Jra/ing incidence Solar Telescope (CiKIST), 
hi. Tlie I lard X-Ray Imaging Instrument (I IXII). 

In tho AMPS program 

iv. The Spaeelah I.idai (Light Detection and Ranging) 
b’acility. 

V. The Cryogenic Limb Scanning Interferometer and 
Radiometer (CUR). 

vi. The Wave Injection I'acility (WlF), 

vii. The Chemical Release .Module (CRM), 

viii. The Spacclal) Accelerator. 
i\, 'Hie Subsatellite l'r»>gram. 

All these arc ixpcetcd to evolve from relatively simple 
first-generation experiments and grailually acquire more 
versatility and sophistication. Reports by seiciuifie study 
teams on ail the aliovc (except for ii and viii) were pre- 
sented to NASA and were reviewed in May 1978, and 
their main conclusions will he given in the sections that 
follow. Several points shared by the entire Spaeelah pro- 
gram are worth noting here; 

(1) In addition to the major instrumental efforts listed, 
Spaeelah will carry ,a number of smMcr cxpcnmaits, re* 
semb’ang some of those listed for the first two flights- 
e.g„ first space-tests of instruments intended fur UARS 
(sec section describing that mission) or “quick reaction” 
experiments for solar studies, l■“urthermorc, some of the 
facilities- SOT and CRM, for instance - incorporate flexi- 
ble designs which enable them to use specific-purpose 
equipment supplied by individual experimenters. 

(2) Spaeelah is an vnmuuional effort. Not only arc the 
basic c.ibin modulc.s and their accessories provided by the 
European Space Agency (hSA), but many of the e.xpcri- 
ments (e.g. about half the number of those planned for 


the first two flights) arc provided by scientists tmtsidc the 
US. .Specifically, the GRIST telescope (see below) is 
being planned by MSA (though no formal agreement 
about its role does yet e.Nist), the electron accelerator (to 
be flown aboard Spaeelah 1) is provided by a team from 
the University of Tokyo, and there exists a strong possi- 
bility that a Canadian group will assume responsibility for 
the Wave Injection Facility (WHO. 

(3) Most facilities will start with relatively elementary 
confi^^imuio/is, gradually adding components and com- 
plexity. This will not only help spread out the cost, but 
will also allow experience gained in early experiments to 
guide the design of later ones. The subsatellite, for in- 
stance, is to become an important accessory in many 
AMPS experiments, but early phases of the program will 
operate without it. Anotbev accessory considered for later 
flight is the tether, a long cable extending up to 100 km 
from the SInittle, possibly carrying an instrument package 
or a balloon at its end. 

c. The Spaeelah Solar Observatory 

The .3 main solar instruments planned for Spaeelab are 
designed to cover a wide range of the Sun's electro mag- 
netic spectrum. In the visible and the UV, a primary aim is 
to resolv" details far smaller than those observable from 
the ground, through the Kartli’s unsteady atmosphere. 
Shorter wavelengths, associated with high-energy and 
high-temperatuve processes, cannot be observed from the 
ground at all because of atmospheric absorption: these are 
expected to be especially valuable in studies of the corona 
and of solar flares. 

1 Tho Solar Optical Toloscopo (SOT) 

The SOT facility will include a main mirror of diameter 
125 cm. usable from the infra-red down to 1100 A. At 
5500 A, it will have a resolution of 0.1” (72 km at the 
center of the solar disk), about 3 times better than the 
resolution obtained under best conditions with the most 
powerful instruments on the ground. At the shorter wave- 
lengths resolution improves to about 20 km, making it 
possible to determine extremely accurately the locations 
and dimensions of compact energy release regions in solar 
flares. 

The mirror will be attached to a rigid truss, 7.31 meters 
long and 3,81 meters in diameter, covered by a thermal 
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shield and oriented by an Instrument l>ointing System 
(IPS). The truss (Figure VUl*3) serves a double purpose: it 
can hold up to J independent solar Instruments (such as 
(JRIST see below) whith would be pointed towards the 
Sun at the same time as SOT, and it can also contain up to 
6 instrummt canisters which, by swinging or rotating into 
observing position, can take turns in using the main 125 



Fig. Vlfl«3, TIib SpacBlab Optical Tslescope (SOT) iriiss, 
deployad In orbit. 

cm mirror. The truss .irrangemcnc will also bmcc its instru" 
ments during landings and will contain ingenious arrange* 
mtms for reflecting back unwanted parts of the solar 
image and thus avoiding heating problems, 

ibe ohioftives oj SOT include: 

i. It will search for Alfveh waves with wavelengths in 
the range 15*150 km, invoked in order to explain 
the relative coolness of sunspots. 

ii. Previously, much of the Sun's magnetic field has 
been observed to emanate from intensely mag- 
netized "nuignetic knots", so small that they were 
just barely resolved by ground instruments, SOT will 
try to determine the magnetic structure of the 
photosphere on an even smaller scale. 

iii. If solar flares occur due to the release of magnetic 
energy, they should be accompanied by changes in 
the Sun's magnetic field, and SOT will try to meas* 
lire such changes. 

iv. SO T will use UV emissions to trace regions of flare 
energy release within about 20 km. 

The total SOT payload will weigh about 11 tons (the 
exact figure depends on the accessories used) and will 
utilize 3 Spacciab pallets. Its basic mission is to last 14 
days, a sufficient time for solar rotation to bring every 


solar feature into view, and two flights arc planned each 
year. A payload of 3 instruments has been proposed for 
the first mission, tentatively set for April 1983; 

The Solar Optical Universal Polanmctcr (SOUP), a. 
solar magnetometer using a birefringent filter and 
combined with a UV^ spectrograph. 

PI- IRA, a high dispersion spectograph in ilie visible 
range, to be furnished by the Fraunhofer Institute 
of I Serimmv. 

' A UV High Resolution speetrognipb, which could 

come from rhe payload of Spacciab 2. 

2 The Gnalnfl inddonco Solar Toloscopo (GRIST) 

This icleseopc, under eonsidemtion by F;SA, will cover 
the wavelength range from 100 A to 1700 A. At the tower 
end of this range eonveiuional reflecting telescopes are no 
longer practical, but reflecting optics can still he used if 
the reflection occurs at a shallow angle, at "gr.i/ing incF 
denee" (U)'^ • 15^' in this ease). 

(iKlST will utie a Wolter type II configuration with an 
effective aperture of 280 cm* and an angular resolocion of 
the order of 1". Its image will he recorded cleetromeally 
by an array of channel plates (sect. in*f*ii), although the 
u.se of film has also been considered, The instrument may 
observe flares on time scales as short as 0,1 seconds, while 
at the other extreme, witli time exposures of the order of 
half an hour, it may contribute astronomical observations. 
Starlight below 912 A is strongly absorbed by the galactic 
gas, but some of the nearest stars should still be observ- 
able in this range, providing new information about both 
them and the interstellar medium. 

The objectives ofdlilST include: 

i. The investigation of the structure and properties of 
the solar chromosphere, the corona and the transi- 
tion region between them. These can be studied by 
measuring absolute intensities of spectral lines, by 
eomparing intensities of different lines emitted from 
tlte same region, from the broadening and shifts of 
such lines and from the variation in time and space 
of all of the above. 

ii. The study of solar flares and of hot regions pro- 
duced by them, 
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III. The oliseruuim of ammrt fcatum JiUth as bright 
spots, "holes" ami siri.ams. 

IV. 11r’ measurcau’nt of v.i- Tun m r/twowr ,thtui 
, Limes in the .Sun's loron.i 

3 Tho Hard X>rny Imnfling Instrument (HXII or "Hlxlo") 

In the Iwril X r.iy region un tlie present ease, at wave- 
lengths below 5A), optical methoils cannot be used for 
focusing radiation and images « an only be obtaincil by the 
appropriate use of iibsorbiiipi jihiteruih (sec description of 
the ptnhole satellite, which uses this principle). Otic way 
of achieving such selective absorption is by means of 
array.s of wires or grids, forming a pattern svlneli «v each 
|)oint m the image plane allows radiation to arrive from 
only one direction and blocks out all others. 

The ILihl V ».?v hisiniiueiii consists of grid 

optics ami a large area semm proportional counter. Its 
capabilities include lugli angular resolution 14’’), a large 
field of view (40*). high time resolution (0,001 see during 
,t large solar flare), high sensitivitv and broad spectral 
eover.ige (2-80 keV) extending welt into the domain of 
noiMhcrmal energy release in solar flares, The instrument 
ulso has many applicatitins in cosmic X'fay astronomy and 
poiciuially for auroral observations as well. 

ll.XH will eomain over 2000 grid structures, grouped in 
several arrays; some of them wilt observe a small selected 
area with a 4" resolution, while others will cover the cn- 
lire sun but with coarse resolocion only. The grid config* 
uration muy easily be clnuv.ed between flights, and re* 
placement of the detectors by arrays of germanium detec- 
tors could extend 'he instrument's range to the soft 
gamma-ray region, fhe instrument may be regarded as a 
follow-on to a simpler version aboard S.MM and as a pre- 
cursor to the Pinhole Satellite Mission, described earlier. It 
will weigh .ihoui 500 kg, occupy 1.2 x 1.2 x 3 meters and 
require a power of ^ o50 w . 

A oiicwveek Spacelab observing program in 1983 will 
try to re.solve the following questions, all related to the 
baste understanding of particle acceleration in non- 
thermal astrophysie.il processes; 

i. Where within the structure of a solar fkire does the 
primary particle acceleration take place? 

it. What is the relationship of the main flare energy re- 
lease to the hot flare plasma? 


III . Is there coronal trapping of non thermal electrons? 

IV. Wliat is the structure of the Crab Nebula when 
oliserveil in hard X-rays? 

d. The Atmosphere, Magnetosphere and Plasmas 
in Space (AMPS) program 

1 The Udnr Fncility 

A l.idar (/ iglit /detection and /Tinging) instrument op- 
erates m the manner of the more familiar radar, but with a 
putml Liser as its radiation source: a pulse of light is 
emitted and the time delay between emission and the re- 
turn signal is measured, giving the distance to the object 
from which the radiation was reflected or scattered. 

In many ways, the Spacelab forms a natur.il complc- 
meiu to the infr.i-red facility Cl.IR (sec below)! while the 
latter insinimem is sensitive to complex molecules, the 
l.idar will be particularly useful in measuring the concen- 
tration of aerosols and dust. Aerosols produced by vol- 
canic eruptions and by human activity increase the 
amount of sunlight reflected by the atmosphere before 
reaching ground and may promote .a cooler climate: even 
if their concentration is too low to be detected from the 
ground, they may still have a significant impact. Such 
aerosols, as well as tenuous subvisible cirrus clouds which 
have a similar effect, are readily detected by the .Space- 
lab’s lidar. 

.Many other applications of tlie lidar facility have been 
identified. Reflections from the tops of clouds can pro- 
vide valuable meteorological data, and tiwwsphcrk 
butnuUty can be sensed remotely with a 2 km resolution 
by lasers tuned to near-lR bands at 7200 A and 9400 A. 
At higher altitudes, the total atmospheric content of a 
large variety of molecules can be measured by the attenua- 
tion of a suitably tuned IR pulse, produced by a COj 
laser. Total ozone coiiteiit, for instance, should be meas- 
urable to within 3%. 

At still higher altitudes, reflections from a layer of 
alkali atoms (especially Na) found to exist between 80 
and 110 km can help trace gravity waves and other prop- 
erties of the upper atmosphere, Reflections from meteor- 
itic Mg'’" ions (80 - 250 km) and from noctilucent clouds 
can also be used for this purpose, and the lidar would also 
he extremely useful for observations of artificial chemical 
releases from Spacelab (sec 'oclow). 
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Some Udar experiments have already successfully 
probed aerosols and humidity from the ground, and such 
methods will be directly adapted to Spacelab. Other uses 
require refmement of existing lasers and detectors. At 
present, the Ildar facility is expected to contain Nd lasers, 
Nd-pumped dye lasers and COj lasers, with a detecting 
telescope of 1 meter diameter. Frequently multipliers for 
the Nd lasers and other accessories will also be provided. 


2 Cryogenic Limb-Scanning Interferometer and Radio* 

meter jCLIR) 

CLIR is designed for remote semitig of the upper 
atmosphere between 20 and 140 km, with a 2 km resolu* 
tion, by observing thermal emissions in the infra-red (IR) 
n.nge. It combines a Michclson interferometer .spectrotn* 
eter and a multichannel radiometer; both Instruments 
share the same telescope of 2$ cm aperture and can oper* 
ate simultaneously. Supercritical helium will cool the 
detectors to 10“ K, the optical components to 30'’ K and 
internal baffles to 115*^ K, increasing sensitivity 10,000 
times above that of uncooled instruments. The entire 
assembly is to be boused in a cylinder 3 meters long and 
will be pointed with 4* accuracy tow,irds the limb of the 
earth. 

Tlie functions of the two instruments of CUR complc* 
menc each other. The radiometer observes atmospheric 
emissions in 25 selected spectral ranges, between wave- 
lengths of 1.5 and 2 Smi on the short time sc.'ile of 0.05 
seconds, during which the Shuttle's position docs not 
change significaiuly. The imerfero meter can scan the 
entire range of 2,5 • 25/4 with high resolution and can 
distinguish spectral details which provide a great amount 
of additional information about the constituents which 
emit them, but its tong integration time of 1 ■ 10 sec. 
limits its ability to resolve small-scale features in the at- 
mosphere. 

CUR is expected to contribute significantly to practi- 
cally all the oustanding problems of upper atmospheric 
physics. .Specifically! 

i. (.Vat’WJKtrp'-Determine the concentrations of mole- 
cules and radicals in the upper atmosphere, including 
those which control the amount of atmospheric 
ozone, as functions of time and location, 

ii. /lywrtwiVs* ‘'Icasure temperatures in the middle at- 


mosphere and use this information (under certain 
approximations) to reconstruct the circulation of 
»hc middle atmosphere, the forces driving it and sea- 
sonal temperature variations at the mcsopausc. 


Hi. [ iierpetm The emissions observed by CUR consti- 
tute the main cooling mechanism of the upper at- 
mosphere. Their spectral distribution therefore 
makes it possible to determine the flow of energy 
between different species of molecules and radicals 
and to assess the roles of various constituents in the 
overall energy transport process. 

iv. The Effects of Solar Activity ami of the Magneto- 
sphere - Because CUR will monitor the energy bud- 
get of the upper atmosphere (see ill) It will be abb; 
to assess energy Inputs by X-rays and energetic parti- 
cles due to solar activity, by .aurora! particle precipi- 
tation and by electric currents associated with the 
aurora, 

V. Perturhatioiis^-Clnnges in the composition or in the 
energetics can also be observed when they are pro- 
duced by other faetors™by man-made pollution, by 
volcanic eruptions or by active experiments (electro- 
magnetic or chemical) performed from Spacelab. 

Many of these observations will constitute the first 
thorough survey of areas about which we still know very 
little. Thus CUR will become one of the main tools of the 
AUddk Atmosphere Program (MAP), scheduled to extend 
approximately from 1980 to 1985. As noted earlier, its 
observations will complement those of UARS and will 
guide the choice of UARS sensors. 

3 The Wave Injection Facility (WIF) 

The environment of Spacelab, at an altitude of 
250*300 km, consists of the upper F /er of the iono- 
sphere*»a moderately dense plasma, almost completely 
collision-free. In many ways this environment is a "cosmic 
plasma" of the type existing in more distant regions of 
space, and Spacelab provides a way of studying its proper- 
ties in-situ. 

Such plasma studies are one of the aims of WIF, but 
not the only one: the facility will also study in detail wave 
modes and instabilities occurring naturally in the iono- 
sphere and magnetosphere, such as spread-F "bubbles” 
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olwrvetl near the geomagnetic equator. Ami finally, it 
will attempt to perform ncitw modiftcmmi experhnems, 
using its transmitters to trigger instabilities or to heat up 
the ionosphere. 

The Wave Injection facility is expected to m.ikc eon* 
sitleral'le use of a suhstui'ilite launched from Spacelab and 
later retrieved by it, for two main reasons, birst, even 
though Spacelab provides a convenient platform for gener- 
ating electromagnetic signals, the detection of weak 
signals aboard Spacelab is likely to be hampered by local 
noise, which a subsatcllitc can avoid. Secondly, many pro- 
posed experiments require a considerable separation 
benvecn transmitter and receiver. I’or instance, a funda* 
mental relation in the theory of plasma waves and one 
which determines tlieir propagation properties is the de- 
pendence of their wavelength on frequency -the so-called 
dispersion rekuion. I'ew obscrvMtional tests of theoreti- 
c.illy predicted dispersion relations e.vist, but they arc 
readily performed by beaming a signal from Wl!'” to a sub- 
satellite and noting the dependence of the phase with 
which it arrives on the separation distance and on the fre- 
quency (the magnetic field intensity, plasma density and 
plasma temperature arc also important factors here). 

Other "passive” plasma experiments involve investiga- 
tion of the transmission properties of antennas iminersed 
in a plasma, and non-line.ar wave effects for instance, 
ways in which electrostatic wave modes which do not 
[iropagate may generate wave modes which do. 

Studies of the natural environment will generally oper- 
ate either in the Vl.l’ btiiui, typically 50 - 20,000 llz, or in 
frequencies useful for ionospheric sounding, typically 1 - 
25 Mil/. Oti'* iirea to be studied includes ionospheric 
“hubbies" of depleted inni/ation observed in near-equa- 
torial regions; they appear to be caused by some type of 
plasnta instability and they arc responsible for ionospheric 
scintillations which degrade reception from communica- 
tion satellites. 

Other natural phenomena to be .studied by WIK are the 
siih-protonospheric wove mode, a plasma wave type 
trapped in a region extending about 1000 km above the 
bottom of the ionosphere, traveling ionospheric disiurh- 
tvices (TIDs) which may be associated with gravity waves, 
and magnetosphcric dw'ting observed in the propagation 
of whistler waves. WIP' will also serve as a powerful diag- 
nostic tool for chemical releases and for accelerator exper- 
iments (.sec below) which, among other tasks, may try to 
produce such ducting by artificial means. 


Active experiments include attempts to precipitate 
trapped electrons of the natural radiation belt, by using 
strong Vl,l<’ signals to induce the nonlinear cyclotron in- 
stability. Such instabilities have been successfully initiated 
by ground-based transmitters and they open interesting 
po.ssibilit;cs for experiments aimed at amplifying com- 
munication signals, modifying the radiation bels, or heat- 
ing limited ionospheric regions by dumping radiation-belt 
particles into tliem. Ionospheric beating experiments, 
which have been successfully conducted svith powerful ra- 
dar transmitters on the ground, can also be performed 
from WI5-, and tiiey are expected to yield useful informa- 
tion about nonlinear plasma proceS-Ses. 

The inatrumentation required by VVlh’ is readily avail- 
able. The transmitter will be linked to a 100«meter anten- 
na, and the frequency and duration of signals will be 
sequenced and controlled by an on-board computer. 
Although a maneuverable subsatcllitc will play an impor- 
tant role in WIF experiments, the initial operation of the 
facility will concentrate on experiments wliich do not 
require it. 

4 Chemical Roloaso Module (CRM) 

The CRM, in common with some otlicr facilities de- 
scribed here, is intended to adapt a succcssfvd existing 
technique so that it can be used and expanded by Space- 
lab. Since the 1960s, releases of Li, Nu, TMA (trimethyl 
aluminum) and Sr from high altitude rockets have served 
as tracers for upper atmospheric winds. In addition, re- 
leases of barium vapor have served to trace the iono- 
spheric electric field, since barium becomes ioni/ed in sun- 
light within 20-30 seconds, and jets of barium propelled 
by shaped explosive charges have spread out such releases 
along entire magnetic field lines. The AMPTK and "Fire- 
wheel" missions (sec section on AMI’TK) plan to extend 
this technique to the study of large-scale irtn entry into 
tlie magnetosphere. 

CRM will be a spacecraft of flexible design, launched 
from the Slmttlc by means of a SSUS-D or SSUS-A stage 
and containing a number of chemical release canisters, 
with a typical total weight of 2000 kg. A variety of such 
modules is to be launched, and on-board propulsion will 
allow cadi of them to follow a selected orbit: some plan- 
ned orbits dip down to 150 km, others stay near the 
Shuttle’s altitude or .slightly above it, and still others can 
range to distances of up to 25 R£. Over a typic.al lifetime 
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i>f () months, selected eunistefs will be released and tleto* 
nated: tile released material will be widely visible frt>m the 
grotind and it can be studied either by ground obsciwers, 
from Spacelab and its subsatelliic, or from independent 
spacecraft. The quantity of released material, while large 
compared to that of p,vst rocket-borne experiments, is still 
small cmuigli to predmle any lasting environmental im* 
pact. 

Chemical release e.xpcriinents can he divided into tnicer 
i’xfH'nnii'ius in which the released stibstancc makes al- 
ready c.xisting features and processes ohser\ able, and ^u‘tiv^‘ 
in which it actually modific.s the environment 
for a brief period. Proposed e.xperimcnts include: 

j. file gener.vrion of acoustic gm'it,v mnvs in tlie 
upper atmospliere, which can then be observed by 
Wlb or by a radar on the ground: the orbital kinetic 
energy of the released material will provide the ini 
lial atmospheric pcmub.uion. A different approach 
would be tlic use of a lithium vapor trail 1000 km 
Itmg to observe naturally occurring gravity waves, 

li. file study of rew/mmrv otyk'tiom of the ioito 
s(iIh'Ii\ caused by the release of appropriate sub- 
stances. Such a depletion was achieved by a water 
dump during the laimcli of Skylah and will also be 
attempted by Spacelab 2. 

lii. file n‘i}>}it'nng of iusiohilitu's in the radiation belt 
plasma by releases of cold litliium ions, an effect 
predicted by plasma theory, 

iv. fhe study of the occolonuioit of Ba or I,i ions by 
voltage drops along magnetic field lines, at altitudes 
of 1*2 R].-, Sucli accelerations have occasionally been 
observed in barium jets produced in .sounding rocket 
experinieius. 

V. ’fhe use of released ions as tracers to study /urge- 
xcale dynamics of tfu' luinh ’s vhigui'tosph'n’, as a 
eoiuinuation of the AMPTK investigation. Such 
experiments would he panicularly fruitful in con- 
junction W’lth tile OPP.N mission. 

5 Accelerator Experiments 

'fhe electron accelerator c.xperiment on Spacclali mav 
he viewed as tlic creation of an iirtifkMl .n/ror,i/ eli'ctrun 


hixwi, umicr controlled ami closely observed conditions, 
lake their auroral coinuerpart tlic artificially accelerated 
electrons may produce auroral light and airglow when 
they strike the atmospliere, and their motion in the mag- 
netosphere may help trace magnetic and electric fields 
wliieh e.xist tlierc. 

But there also exist many additional questions which 
an accelerator experiment can help solve, ■fheorctical pre- 
dictions and probably also the obsei'VMtion of intense 
*'kilomctrie radiation" cmitictl above the auroral ^one 
suggest tliat such beams may he iimtithh' and may tiissi 
pate some of their energy by the generation of plasma 
waves, 'fhe accelerator cxporitiient aidml, perhaps, liy 
Wlb aiul a svihsatellite may observe sucli processes umier 
controlled comlilions. 

Fvidenee also exists tiuu many discrete auroras are 
causevl by elecmnis aceelerateii ilow iivvaixls by vohogt' dif 
fi'ivturs along magiu'tu- field lines, fins interesting phe 
nomcnon tb'r wliich explaiiaiions arc still ineinnpieie) e.iii 
he studievl by directing an accelerator beam upwards into 
.swell 11 formaiion and noting whether its electrons are re- 
fleeteil hack dow iiwanls and if so, with what energies ami 
with wliat tielays. The propagation of neutral plasma from 
an arc-jet may also be studied, and .utenipt.s may be made 
to produce magneiosplieric ducts, similar to tlui.se guiding 
the propagation of nacural whistler waves. 

Spacelab 1 (as noted earlier) will cany tlie initial ver- 
.sioii of SKI’AC (Space Kxperiments with Plasma Accelera- 
tors). It wall tl.SC: 

i. All eleeiron heam aeeeleiatvr (HBA) proilticing up 
to 2.5 amperes of l it) keV electrons, in pulses last- 
ing 0,01 • 1 seconds. 

li. A magneto. plasma dynamic arejei (AlPD-AJ), pro- 
ducing 2 niillisec. pulses of argon plasma, each pulse 
eoiuaining 2-5 kj and lo' '* • lO^** ion pairs. 

'flic first task of Sf PAC on Spacelab 1 will be an in- 
vestigation of the biiilvlup of electric charge on tlie Shut- 
rle, caused by operation of the accelerator, and of the 
neiitrali/ation of such charge. After that, experiments will 
be perfonned to .stiuly iieam iniualnticics and the creation 
of artificial auroras. 
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IX. IMPLEMENTATION 


(a) Implementatiijn Strategy 

1 The Overall Plan 

Tlie prcceiling sections have ilescribed the major com- 
ponents of the 5-j ear plan the scientific problems, the 
unmanned missions, the .Sluittic/Spacclah program, in- 
struments ami observations. All these fit together into a 
single overall plan to stiuly the solar terrestrial environ- 
ment. More specjfi dally, the proposed missions arc in- 
tended to find out: 

I. I low docs energy flow from the solar interior into its 
envelope and from there out to space and ti’ the 
barth? The emissions which carry this c tergv in- 
elude \isible lighi, UV', X-rays, gamma ray«. r*»l.tr 
wind plasma and energetic particles from flares, o).f 
their study also requires the investigation of tneir 
variation with solar activity and with the solar cycle. 

ii. How docs this flow of energy control the behavior 
of the middle atmosphere, and how are processes in 
the middle atmt)sphcre affected by solar activity and 
b\- man-made perturbations, in ways which may 
affect the human environment near the Karth’s sur- 
face? 

iii. What processes characteri/.c "cosmic plasmas" in the 
Sun, heliosphere, magnetosphere and ionosphere? 


The study of clectrodynamic phenomena, waves, 
plasma instabilities and particle acceleration to high 
energies in such regions establishes a foundation for 
the understanding of astrophysical plasmas and of 
liigh-cnergy processes in the universe. 

The missions described here constitute together a cori" 
verted attack on these problems. Although areas of re- 
.search may be conveniently divided into Sun, heliosphere, 
tmagnetosphere and upper atmosphere, there c.vists a great 
deal of interaction and syneigism between many of the 
missions, bor example; 

- SMM and SCADM will track the variation of solar 
energy emission m the UV and of other energetic 
radiations, while UARS and SME vvill try to observe 
related effects in the upper atmosphere. 

•“ The Solar Probe will provide information both 
about the origin of the plasma that populates helio- 
sphere and about the Sun's interior. 

-- IPl, will observe interplanetary conditions near 
Earth and will thus provide a baseline for our inter- 
planetary observations out of the ecliptic plane by 
the Solar Polar mission and in the outer solar system 
by Voyager. 
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UARS will observe magnetospheric inputs in polar 
regions, supplementing the observations of OPHN. 
In its own turn, OPIvN will not only supply mag- 
netospheric ami heliospheric observations to sup' 
port UAHS ami Solar Polar, but will also observe 
remote affects of active AMI*S experiments, e.g. 
plasma injections. 

Table IM shows the sequencing of the main missions. 
The complementary nature of the programs will be partic* 
ularly evident in the period 1983-1987, when UARS, 
SOT, OPI'IN and the Solar Polar mission will provide an 
extensive data base about all parts of the Solar-Terrestrial 
environment, 

2 Implementation of Advanced Technology 

'I’he plan will take advantage of many technological 
advances which have not been previously available the 
most conspicuous among them being the .S'/nuv Shut tie 
and its Spacelab facilities. Indeed, most of the unmanned 
missions will be supporletl by Spacelab flights and will 
leant up with them for common goals: 

- UARS will be complemented by AMPS, p.trticu- 
larly, by the OUR and l.idar facilities, 

QPKN will be complemented by accelerator experi- 
ments, chemical releases and wave injection from 
AMPS. 


- SMM, SCADM and other solar rc.search programs 
will be coniplemented by SOT aiul by other solar 
instruments aboard Spacelab. 


Such “teamwork" has already proved to be a great suc- 
cess with OSO 7 and Skylab. In that instance, the manned 
Skylab mission excelled in the capabilities of its instru- 
ments, but the OSO satellite covered a far longer time 
period. Ilow'ever, since the observations overlapped in 
time and could be compared, the detailed data on coronal 
holes provided by Skylab (as an example) could be used 
to calibrate OSO-7 and thus extract more detailed infor- 
mation about coronal holes from its data, which covereil 
several years. Simitar complementarity is expected to exist 
in all the future "teamed missions" listed above. 


But this is not all. The Space Shuttle will also: 

~ Provide lower launch costs and higher payload capa- 
bility, making feasible missions with heavy payloads 
such as SOT and the Pinhole Camera mission, 

■' Make possible retrieval and refurbishment of space- 
craft such as UAKS, SMM or SCADM. As the re- 
trieval technique is perfected, the same spacecraft 
m.ay be usefully flown over aiul over again. 


Table IM (ropeatca; Office of Space Sciences Solar — Terrestrial Program FY 1980 Plan 

Flight Programs 


Solar I’olar .Mission 

Spacelab Multi-use, Instrument Program 
Upper Atmosphere Kc.seareh Satellite (UAKSI 
Origins of Plasma in Harth's Neighborhood (OPKN) 
Solar Cycle and Dynamics Mi.ssion (SCADM) 

Solar Probe 

Pinhole Satellite .Mission 
Solar '1‘crrestrial Observatory 


New Start FY 

Launch FY 

Responsible 
Field Center 

1979 

1983 

JIM- 

1979 

1983 

CSP’C, LaKC, Ames 

1981 

1983 

CShC 

1982 

1084 

CSI'C 

1983 

1985 

CSI-'C 

1983 

1 986 

JIM- 

1984 

1 987 

MSl-'C 

1984 


MSl-C 
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Make it possible to check out the operation of a 
spacecraft {sucli us SOADM) in tlie space environ- 
ment, after launch Inn before it is placed in its final 
orbit, ami if the need arises, retrieve it for furtlier 
adjustments. 

Other major iniunatiuiis iniplcmeiucd in this plan involve 
orbits ainl lAiM systi’iits 

The orbitol vt'nitUility of unmanned missions will be 
greatly enhaiiccil by the advanceil technology of onboard 
propulsion, which will be a standard feature on many fu 
tore free-flying spacecraft. The orbital o|Uions will now 
include. 

I.agrangian point "halo orbits" such as tliose of 
ISh:K-3 and UM., in which the spacecraft stays in 
interplanetary space, with its position almost held 
fixeil relative to the Sun and hairth. 

Jovian encounter maneuvers to gain speed and to 
change orbital planes, by amount,s which would 
otherwise have required special techniques (next 
Item below) or large amounts of fuel (Solar Polar 
and Solar Probe). 

An ion propulsion engine powered by large solar 
panels, considered as an option for the Solar I’robe. 
Operating at low thrust over a long period, this en- 
gine has the poieniial of providing a more efficient 
use of propellant Weight than any other sysiem in 
use. 

Double duty satellites for the Oi’hN project, which 
would speiul a year or twii in one orbit and would 
then shift to another one, sampling a completely 
different environment. 

Multiple lunar encounters which can keep a .satellite 
(in OPPN) inside the distant geomagnetic tail, even 
though the axis of the tail m sp.ice rotates as the 
l-arth orbits the Sun. 

.Wancuverable and retrievable subsatellites, to oper- 
ate from tile Space Shuttle in conjunction with 
AMPS experiments. 

Data systems wall reflect the "computer revolution" 
which is also affecting other areas, in science and in com- 
merce. Solid state microproce,ssor "chips" have already 


reduced not only the cost and weight of data handling cir- 
cuitry, but also the power required by it, an important 
consideration aboard spacecraft. Nowadays such devices 
make possible preprocessing of data, redumiant circuitry 
to safeguard against malfunction, in iJight calibration and 
flexible use of instruments. This technology is still evolv- 
ing rapidly and .some of its new capabilities (e.g. new 
memory ilevicofi) are expected to contribute to the mis 
sions included in the present plan. 

The same technology has made possible integrated ilata 
systems with linked "smart terminals", .such as those pro- 
jectal ftir f'AKS and OPPN. Such sy, stems are also made 
nece.ss.iry by the incre.ised rate of data return (another- 
by-product of the new- technology ) and they are expecteil 
to make ihUa analy.sLs and compaiison faster and more 
thorough ihan ever. The increasetl data rates will be 
matched by the TDUSS (Tracking and Data Relay Satel- 
lite System) network, due to begin operation in the mid- 
1980s. 

All these advances are expected to lead to a new level 
of understanding of the solar-terrestrial environment. 
Some ceiural questions which this plan is expected to re- 
sobc .lie listed in chapter X, while more detaileil objec 
tives and capabilities arc contained in chapters VI I and 

vm. 

b, The Planning Process 

Fvery conrponent of the 5-year plan is the outgrowth 
of a careful .suuly involving the .scientific community, 
NASA and the aerospace industry. 'I’he procedure by 
wdvich a new mission is developed is intended to ensure 
that it is .scientifically .sound and well integrated, techno- 
logically feasible, relevant to the general goals and out- 
standing needs of the .solar terrestrial resc,irch program, 
that it can be performed at a reasonable cost, that c.xpcri 
mental opportunities are fairly allocated and that ilata will 
be readily available and fairly used. Over the years, a defi- 
nite “planning cycle" has evolved, and it is dc.scribed 
below; the reader will appreciate that the missions de- 
scribed in chapter \'ll repre.sent different stages of this 
cycle - that some of them are well advanced, while others 
are only in their initial stages. 

New projects may be initiated by individuals, science 
teams, organi/ations, industry labs, NASA field centers or 
NAvSA headquarters: there exists no single exclusive way. 
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In general, the itleas which outline a possible new project 
arc presented in a written dt)cumeiu which is then circu* 
latcd for comment and information (Tabic IX*1). 


NASA headquarters will next bring the proposal to the 
attention of advisory committees such as the Space 


Science board of the National Academy of Sciences and 
NASA’s Space Sciences Advisory Committee. If these 
committees express interest, the planning effort continues 
in a more intensive fashion. These advisory committees 
arc continually informed and consulted about all prO' 
posed missions and other new activities of tlic Solar Ter- 
restrial Program. 


Table IX-1. The Planning Process 
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The iniiuil study is primarily tondiictcd by a scientific 
planning team ("science working group" or a similar title) 
which defines the scientific objectives and the mam com- 
ponents of the mission. The team will also, m general, pro- 
pose a sample "straw-man payload" and a tentative launch 
schedule. "Workshop" meetings may be held at this stage 
in oriler to discuss the mission with members of the seien 
tific community, refine its plans and solicit wider input 

At the same time NASA hc.ulquarters will request one 
of the agency’s field centers to support this planning 
effort through preliminary studies and designs of the engi- 
neering aspects (for instance, of spacecraft and data sys- 
tems), orbital calculations and cost estimates. Planning 
documents may be issued by the supporting center some 
such documents are citcil in the bibliography, but the 
reader is cautioned that they umlergo fr/’quent revision 
and updating. 

Until recently, the planning procedure varied some* 
vvh.it and centered on a "Phase A feasibility stmly", fol- 
lowed by a more detailed "Phase B design study." At pres 
ent, following a directive from the Office of Miinagcmcnt 
and Budget (OMB circular A-U)‘?), the second phase of 
the planning process for any expenditure exceeding 
$100, 000, 0(H) begins with the drafting of a "Mission 
Needs Statement" whieb sums up the objectives, main 
components ami constraints of the mission, l-ollowing the 
signing of this statement by the NASA administrator, 
study teams from industry are invited to propose outlines 
of "Alternate Concept Studies." These .studies are coordi- 
nated by a project manager and the industrial team vvlio.se 
outline is selected (after approximately one year) pro- 
ceeds to extend its outline into a detailed study, which 
then become.s tlie official plan for the project 

Some time after the "Mission Needs Statement", 
NASA also issues an "Announcement of Opportunity" 
(AO) in which, scientific investigau,rs are invited to submit 
proposals for experiments and bids for their construction 
and operation. A peer group selection committee is then 
chosen to rate the proposals according to their merits, 
after which NASA headquarters select,s those proposals 
which it feels are most appropriate, weighing both their 
performance and their estimated cost. 

Ac this point the prebminary planning is complete, but 
the project still lacks a commitment for financial support. 
The Solar Terrestrial Divi.sion now proposes the mission to 


the Associate Administrator for Space Science and ulti- 
mately, to the NASA Adminisir.uor, as a tentative "new 
start eandivkue", requesting that it be funde.l, starting in ,i 
specific fiscal year. 'l‘he NASA Administrator receives 
such requests in a number of fields and among them sev- 
eral are approved each year as "new start eandivlates". 
Their selection is negotiated with the Office of Manage- 
ment and Budget (OMB) and if approval follows, they are 
listed in the agency’s proposed budget for the appropriate 
fiscal year. 

Such items then require the approval of Congress, and 
their merits will generally be discussed by congressional 
committees as part of the proce.ssof preparing the nation- 
al budget. If the "new start" is then approved, funds 
become av.iilable for the construction of sp icefliglii harvl- 
ware and for the scientific instrumentation. 

The above sequence is typical, but many variations 
exist. In smaller projects some of the phases may he short- 
ened "I'xplorer class" missions, for instance, are some- 
times cairied out by a single seicmific group from begin- 
ning to eiul (SMlv is an example of this), and they do not 
require Congressional approval for .specific missions. Inter- 
national cooperative projects may require iigreemeius 
between governmcius, and contingencies during the con- 
.struetion phase may lead to modification of the mission. 

The allocated funds include provisions for the analysis 
of initial data, and funding for further studies by prime 
investigators or by additional "guest investigators" is 
often provided afterwards by a special category of funds, 
described in the next section. Ultimately investigators arc 
required to deposit their data in the National Space 
Science Data Center (NSSDC) or in an equivalent deposi- 
tory, from vvliich it may he obtained for additional study 
by other qualified investigators. 

The planning process for Spacelab facilities resembles 
in many details that of frcc-flyirg .spacecraft missions, 
However, the use of such facilities by experimenters will 
follow different rules, probably resembling those which 
govern large shared facilities on the ground, such as tele- 
scopes and accelerators. There exist astronomical spaec- 
craft-most recently, the "International Ultraviolet Ivx- 
plorcr'’-‘Vvhich have .successfully operated in a shared 
mode, with observing time allocated to a number of dif- 
ferent users. 
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The pl.in described in this rcptjrt presents the missions, 
ctptions and schedules as they appear from the middle of 
1978. lake most long-range plans, it is subject to changes, 
yet the seiiucncing of its main projects is probably dic- 
tated by the related disciplines and is not likely to change 
drastically, ‘rime schedules are more vulnerable! contin- 
gencies may cause delays, while opportunities {e.g, inter- 
national cooperative ventures) or special needs (such as 
the study of the oronc layer) may ailvancc certain selec- 
ted areas, l-'inally, there always c-vists the possibility that 
new ideas, or newly available technology, will modify 
existing plans, l-or instance, a .self-sufficient permanent 
orbiting observatory, supplied by the Space Shuttle, may 
take over many of the duties of Spacelab, over much 
longer periods. A preliminary version of such a "Sohir Tin - 
rcsiml Ohsi'mitoiy" is one of the ojiiions urrently 
undergoing preliminary study by the Solar 'rerrestrial 
Division of NASA. 

c. Supporting Research and Technology 

The Solar-Terrestrial Divisitm also allocates funds for 
the support of a large number of relatively modest efforts, 
jointly known as "Supporting Research and Technology" 
(SRT), SHT supports activities such as theoretical studies, 
instrument development and solar observation from the 
ground. 

Theoretical st tidies iiavc a particular importance: often 
they alone can supply the ultimate end-product which 
nif)tivatcs space missions - namely, improved understand- 
ing of cfie solar-terrestrial environment. To help planned 
missions focus on those observations which arc most help- 
ful in advancing our understanding, our theory must in 
every way he as advanced as our technology. 

The role of theory has already been outlined in section 
1 1 1-7, ami the Solar Terrestrial Division is currently sup- 
porting a wide range of theoretical efforts. To pursue 
theoretical knowledge, the division plans to set aside a 
.sej:.rratc category for support of theoretical rcsearcli in 
solar terrestrial physics. Notable areas of theoretical work 
include: 

i. Tlasiiia physics, discussed in detail by the "Colgate 
Report” (rerercncc 1 1-3), The Sun, the heliosphere, 
the magnetosphere and the upper atmosphere are all 
filled with plasma and manifest a multitude of dis- 
tinct plasma phenomena (Table IV-1), many of them 
still lacking full explanation. 


ii, CoiiipiitiT niodi'ling, a technique used to an increas- 
ing degree by theorists in many diverse disciplines. 
Computer generated models already form a central 
feature in the theory of the micUllc atmosphere (ref- 
erence 24-2, p. 192) and they arc likely to continue 
a.s such and to expand in scope as more data 
becomes available from SMR, UARS and Spacelab, 

In addititu), however, computer models have also been 
applied to other areas of solar-terrestrial physics, e.g. in 
rcco \structing the Sim’.s magnetic field from surface ob- 
servations, wave propagation in the Sun’s interior and en- 
velope. atomic processes in the outer solar layers, in simu- 
lating the interaction between the s»>lar wind and the 
Karth’s m.ignetosphere, in motleling the electrodynamics 
of the inner magnetosphere (during both quiet times and 
suhstorms) and in the study of nonlinear evolution of plas- 
ma waves and instabilities in space. The use of this theo- 
retical tool will continue to receive encouragement and 
support from the Solar I'eriesirial program, 

liistrmnent development is another area which fac<*s 
expan.sion, because Spacelab and its facilities will offer 
many opportunities for experiments that require from the 
investigators only the non-standard part of the instru- 
mentation. 

Still another class of research activities are observations 
from soinidiiig rockets, balloons and aircraft. These are sup- 
ported by a special category of funding, and will continue 
to he used for those investigations in which they arc more 
effective than the use of orbiting spacecraft. 

A different category of modest-size projects supported 
by the SoIar-Terrc,strlal Division involves data analysis, 
beyond the operational phases of the flight missions. Sev- 
eral trends have increased the importance of this aspect of 
research, in particular: 

i. The increased data output of individual mi.ssions. 

ii. The rising cost of missions has led to longer intervals 
between them, motivating investigators to devote 
more time and effort to the analysis of results, 

iii. The rapidly advancing capability of computer analy- 
sis techniques. 


78 



IV. I'mdier .in.ilysis ol' data fmm completed missions, 
whefc by combining ami companng siimiluneous 
observ.uniiis from several sources, new msigliis and 
correlations are obtained. 

V. The use of existing data to cbcck new tbeoreiical 
ideas and to help develop tbcorclic.il models. 

A good example of the first two trends is given by the 
A'l’M solar observatory aboard Hkyl.tb; the analysis of its 
extensive high resolution data has continued for years 


after they were collected (reference 22*6). In the future, 
these trends are likely to continue, espcci.illy the use of 
computers. The AK data system, in vvlueh a central facili* 
ly handled all incoming dat.v and was accc.s.sed by individ' 
ual investigator's through ilcdicated remote computer 
terminals (reference 33*5) is likely to .serve as a imnlel for 
the more advanced vlata systems of UAHS and OPHN. 
New methods of data storage and retrieval may play an 
important role in such data systems and also in future 
developments of the National Space Science Data Center 
(NSSDC), which is intended to be the final depository for 
much of the data generated in solar-terrestrial missions. 
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X. AFTERWORD 


When this plan is accomplished and the missions out 
lincil ‘’’.Tc have been successrully carried out, our view of 
solar-terresirial physics should liecome much clearer than 
it is now. Some imponain qiiesiions which currently 
block pro|tres.s ought to be resolved, including (relevant 
missions in parentheses): 

( 1) Wh.it is the small'sc,ile structure (50*100 km) ol' the 
solar envelope and in particular, oC small-scale con- 
vective flows ami their associated waves, of sunspots, 
active regions and flares? (SoKir Optica! relescope). 

(2) What takes place ilurmg a solar flare, and wh.it 
changes in the Sun's m.igneiic field accompany the 
dare? (Solar .Mavinuim Mission, Solar Optical Tele 
scope). 

(3) How constant is the solar energy output? (Solar 
.Maximum .Mission, Solar (’.ycle ami Dynamics .Mis- 
sion), 

f4) 'I'll what extent does the Sun's shape depart from 
that of .1 sphere an effect which might reveal 
whether the .Sun h.is a rapidly rotating core? (.Solar 
Probe), 

(5) Wh.it is ihe composition (nuclear masses and ioni/a- 
turn levels) of solar wind p.irticles, how are they 
initially accelerated, and what d'‘c the properties of 


the region in which such particles originate? 
(ISh.h-3. 11‘i., .Solar Probe), 

(0) Wh.it is the nature of the heliosphere above the 
Sun’s poles, ,iiul how does that region differ from 
the heliosphere near the Harth's orbital plane? {.Solar 
Polar .Mission, IPI.). 

(7) Wh.u are the structure and minions of m.igiieto 
splieric boundaries, and the 2 point correlations 
which ch.irauen/c fluctu.uing fields in the magneto- 
spheric tail? (ISI'h 172) 

(8) Whai are the electric fields and currents which accel- 
erate particles above the iMrih's polar caps .otd 
transmit energv from the solar wind to the m.igneto- 
sphere? (Dh. OPIsN) 

(9) How do particles from the solar wind and from the 
ionosphere become energized and confined in the 
ring current and tail of the magnctospht.e? 
(AMPriMOPl-N) 

(10) What governs the dynamics and chemistry of the 
middle atmosphere in particular, what effects do 
man-made pollutants have there on o/onc? (UAKH, 
Cl .IK. I.idar). 
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{ID Diu’s tlic miiltlk' lUmo^plim’ sene .na link between 
solar activity aiul chiiute? llovv car* solar aeiiV'V 
perturb the muUile atmosphere? (UAHS, 

Lular). 

(12) What eleetrtuiynaimc processes both natural and 
artiticaliy iiuhivevl cbaracten/e the ionospheric 
pl.isma? lAMbS), 

The above viuestions are by no means the onlv ones 
addressed by the present plan many others were listed 
earlier, in the deseriptum ol‘ proposed missions. N'or 
shotiid one overlook the likelihood that an extensive re- 
search program, such as the one outlined here, will un 
cover unexpecred new data and inmate new directions ot 
scieiudit uujuiry. Coronal holes and fast streams m the 
solar wnul. the ’‘.Mamuler mmumim" and us preeursors, 
voltage ilrops along magneiospherie liebl lines, auroral 
kdomettie r.idiation and man imuie periurhations of the 
radiation belt (through power griil radiation) and v>i the 
o/one l.iyer (through rele.ise of ehlurotluoromethanes) 
all these were unexpectevl features added to our solar- 
terrestrial picture during the 

The nliimatt* product of all this research activity is 
knowledge. As amlior John Dos bassos wrote, after wit- 
nessing one of the Apollo launches 

“What good will it do'* people ask "('oiildii't the 
money be better spent on earth . . 


rile answ er is not tame or fortune 

rite answer is not that men are impelled to the 
moon, like the first man to climb to the top of ^ver“ 
est. “Just becMuse it is there ” 

rise answer is not: "We do this for national 
glo^’y," or to prove that some system of political 
economic orgam/atiou works better than some otlier 
s\ stem. 

Use ansu er is that by his very nature, man has ti' 
know. 

"UiiH lht\ la ktimi'", and it is tins knowledge w hich has 
given mankind the power to apply the (orces of iianire to 
its own henelit, 'Use ijuest tor such knowledge is the 
motivation driving all of science, including NA.SA's .Solar 
l errcstnal Program. 

lo en.ible Immamty to make meaningful decisions 
about Its cm tronmem, it needs such knowledge; w e must 
learn to muierstam! the processes in our tipper atnurs 
phere, tlie coupling between the Sun ami the environment 
of the I'arth, and the complex plasma phenomciw which 
occur m space, on tin face of the Sun and in our ^■ar^h^s 
magnetosphere. It is hoped that the next decade in .space, 
with the missions and programs omtined here, will avid 
appreeiahly to tins understanding. 
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ed from the Solar Terrestrial Division, Code S'P, NASA 
Headquarters, Washington, DC 20546. 
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1 4'2 1 Mi'asiin'm'iit StraU'ny for Stratmpln'rk Hni'arch 
prepared by the Stratospheric Re.scarch Advisory 
(lummittce of NASA, July 1477 cS,(i, 'I’ilford, code 
ST. NASA IKi. Washington. DC 2054o). 

14-3 MiiUli' \tmmphm' Pnij^ram, a planning document 
prepared at the MAP pl.mmng (lonferencc, June 
2M4, l‘)7(» (Available from; Aerommn Lahora- 
lory, Dept, of I lcctrical I'nginecring, Cniv. of Illi- 
nois, I’rbana, 111. 61801). 

14'4 the Vppi'r Atinmphi'rt' aihl Akjiiu'tosphi'n', (ico- 
physics Study (!tee. Upper Atmosphere Panel, 
NRC, (Available for $t0 from Priming and Publish* 
ing Office, NAS, Also contains 10 comprehensive 
reviews of entire fieUl). 


( 2 ) The Scientific Disciplines 

All references are hound hooks except for those 
grouped under item 25. 

21. General References 

21-1 Physics Ilf Solar Planetary l•nvironmen^s (proceed- 
ings of symposium on solar-terrestrial physics, Boul- 
der. June 7-13. 1976), ed. by D.J. Williams. 2 voi. 
$20, American Geophysical Union, SVnshington, 
DC, 1970. 

21-2 Physics of the Solar System. NASA publication 
SP-300, ed. SM. Rasool, 1972 (USGPO. out of 
prim). 

21-3 rhe I'pp’r Atmosphere anti Magnetosphere, see 
reference 14-4. 

22. Sun and Heliosphere 

22*1 The Quiet Sun, by bdw.trd G, Gibson, NASA publi- 
cation SP-303. 1973 (USGPO, $6.20). 
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2Z-2 Solar Wonl (proce»?tiing« »»f c«nfcreni.c, AstUmur. 
Marth 21 26, 1971). cil by <;i». Sunctt. 
man Jr. atul J.M. WiIcuh, NASA pubUcatum 
Sl».308, l972tUS{;i>0. $6.00). 

22=3 Solar Wind Thm' tpr*>i,*cedmgs of 3rd conference 
on s<dar wind, Asilomar), ed. l)v (IT. llussell, I’ubl. 
by In^t. of (I'cophys. and IManetary Phy.s., U(d.A, 
Ch Angeles. CA 90024, July 1974. 

224 lU^h I'lU’rjiY Phenomena on ihe S'mi (proceevlings 
«if symposium at (loddard Space Might Center, 
Sept 28-30, 1972), ed. by U. Hamaty and ltd. 
Stone, NASA publication SF-342, 1973 (USdl’O, 
$5.75). 

22*5 Ihe Solar Output and ita Variation, by Or, in R. 
White, Colorado Associated University Press, Boul- 
der. Colo., 1977. 

22'6 (’oronal Holes and lli^h Speed Wind Streams (a 
monograph from Skyhib .Solar Workshop 1), ed. by 
j.B, V*irkcr, Colorado .Assticiated University Press, 
1977, 


23, Tlio Earth's Magnqtosphoro 

23-1 Critkal Problems of Magneiospheric Physics (Proc. 
of COSPAR/lAGA/URHl symposium, Madrid, 

1972) , ed. by I'.R. Dyer; avaiUblc for $2 from 
SCOSri'P Secretariat, e/a NAS; 1972. 

23-2 XUi^netospberie Part teles and Fields, ed. by B .M. 
McCormae (proc. of .ulvanceil summer institute, 
dra/, 1975).l). Reidcl, 1976. 

23-3 Mapietospheric Physics, eil, by B.M, .McCormae, 
(proc. of advanced summer institute, Sheffield, 

1973) . D. Reidcl. 1974. 

23-4 Ma^netospheredonosphere Interactions (proc. of 
advanced study institute, Oalscter, Norway, 1971), 
ed. by Kristen l■olkcstad, Universitetsforlaget, Oslo, 
1972. 

23-5 the Scientific Satellite Programme during the Inter- 
national Magnetospheric Study (Proc. of KHh 
BSl.AB .symposium, Vienna, i973), ed, K. Knott 
and B. Ibutrick. 0. Reidel 1976. 


23 6 Correlated Interplanetary and Magnetospheric 
Ohsenamns tProc «»l 7th ISI AB symposium, 
1973/. lU Page, editor. I). Hcidcl. 1974 

23 7 Physus oj \UignetoHpherie Suhstorms. bv S -I 

Akasotu. 1). Reiiiel 1977. 

24. Upper Atmosplioro 

24* 1 / he I 'pper 1 tmosphere and Magnetosphere see ret 
eicnce 14-4 

24-2 Chloroflnoromethanes and the Stratosphere, eii. by 
R.l). lliulson. -NASA Relercncc Publication ItUO, 
August 1977 (available from NflS, Si 0,75, publ. 
no. N77 31694). 

24 3 Ualoiarhons l lfeets on Stratospheric Ozone. Panel 

on Atmosplicri.- Clumiscry. NHC. 1976; .ivaiktblc 
from Printing and Publishing Office. NAS. 

24 4 llahcarhons I’neironmental IJJecls of Chloro 
jluoromethane Itelease. Committee on Impacts of 
Stratospheric Change, NRC. 1976; .ivaikihle from 
Prinring ami Publishing Oifice, NAS 

24-5 PhystcH of Planetary lotiosph, res. S.J B.uier, 
Springer VTrl ig, 1973. 

24-6 lifty Years oj the Ionosphere, J. .\tmos. lerr. 
Phys. 16. Dec. 197ft, entire issue devoted to the 
subject. 

24-7 Possible lU'laiionships between Solar Activity and 
Meteoroiogical Phenomena (proc. of symposium ;it 
Coddard Space Might Center, 1975), cd. hy W.R. 
Bandeeii and S.P, Miiran, N.\SA publication 
SP-3 (i6. 1975 (USCPO, ,$4). 

24-8 W-ouomy (in 2 volumes), hy P.M, Banks and Ci. 
Ktiekarts, Academic Press, 1973. 

24- 9 Ph}Mcs and ld<enitsiry oj I pptr Aloinspberes (Pro 

eeeilings of sy mposium, Orleans, 1972), ed. by B.M. 
MeCorimte, D. Reidel. 1973. 

25. Selected Articles and Reviews 

25- 1 New Developmem.s in Solar Ilesearch. by R. W. 

Nuyes, p. 41 in Frontiers oj Astrophysics, K.Il, 
Avrqtt, ediu»r, Harvard I’niv. Piess, l97ft. 
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25-2 The Ahuimler Mimmumt by J.A. ImIiIv, .SVVwtv, 
IV2. 1189, 1976. 

25 3 Inilucncc of Solai* Seeuir Structure on 

Terrestrial Atmospheric Vt>riicity, by J.M. Wilcox 
et al.../ \tinos Sd 31. 581. 1974. 

25'4 Kcality ami Nature of Sun Weather Correlation, by 
limes ami 1. Ilalevy. S>uiw, 258. 313 1976. 

25-5 Coronal Holes ami ilij'h Speed Wiml Streams, by 
J.15. /.irber, A’t'f Cleophys .S/iaee l*l'ys. 15, 257, 
1977. 

25*6 l.ai'jtc Scale I'leetric Melils in the f arth’s Mai'iieto- 
.phere, by 1). Stern* Rev (IvophyK. Spiur Phys 15, 
156.1977 

25-7 .See reference 13-3. 

25*8 Stratospheric 0/one, by M. Nieoiet, Rev (leophys 
Spiur Phys 1. 1 593, 1975. The first of 3 relaieil 
consecutive articles. 

25-9 .Meteorological ami FT’ological Monitoring of the 
Stratosphere ami Mesosphere, R.lh Newell ami C.R, 
(ir.iy. NASA Report N-2094, 1972. 

25-10 Review of Rate Coefficients of lothc Reactions 
Determined from Measurements Made bv the At- 
mosphere I'xplorer Satellites, D.C. Torr and M.R, 
Torr, Rev. Geo phys. .Spiice Phys. 16 327, 1978. 

2.5-11 A Critical book at bong-'I’erm Sun-Weather Rela- 
tionships, ;\.lb Pinoek, Rev. Geophys Spaee Phys 
Ui, 400, 1978. 


(3) Mission Studies 

Tile following abhrcviatiuii'; arc insed in the reference be- 
low; 

JPb - Jet Propulsion Laboratory, California insti- 
tute of Technology, 4800 Oak Cirtive Drive, Pasa- 
dena. CA 91103. 


CSFC - Goddard Space Might Center, (Ireenbelt, 
.MD 20771. 

31. Sun and Hcliospliorn — Ftoo Flying Spacecraft 

3H A Brief Summary of the Sol.tr Maximum Mission, 
eShX: Document X-682-77.240, l-’ebruary 1977, 

31-2 NASA/h'SA Out-of-Peliptic Mission: NASA Space- 
craft De.sf’ption, JPl. ilocumcnt 660-58, 29 April 
1977 (This is one of a group of related documents 
describing the Solar Polar mission). 

31-3 Solar Cycle and Dynamics Mis.skn, (SCADM), a 
planning document (D. Suddeth, code 402, CiSP'C). 

31-4 Pinhole X-ray Satellite, a planning document (Wil- 
liam Snoddy, Marshall Space Flight Center, Hunts- 
ville. Alabama 35812). 

31-5 A Close-Up of the Sun, proceedings of Ihc Solar 
Probe Science workshop, May 22-23, 1078. edited 
by M, Ncugebaiier and R, W. Davies; JPI, publi- 
cation 78-70 (M. Neiigehaiier, code 183-40! , JPL). 

31-6 '1‘hc OSO-7 Year of Discovery, S.P. Maran iiiul R.j. 
Thomas, .S'/cv ,w</ Telescope, >/5, 2, jainiary 1973. 

31-7 rhe I, list OSO Satellite, by S.P. M.iran and R.J. 
'i'humas, .V/i.v i7H(/ VV'/f’.vco/ie, 47, 355, June 1975, 


32. The Earth's Magnetosphere and its Surroundings 

32-1 Imcrnational Sun-Farth Kxplorcr: A Tlirec-Spaee- 
craft IVogram, by K.W, Ogilvic, T. von Rosenvinge 
and A.('. Durney, 198, 131, 1977 (see also 

reference 23-S). 

32-2 Klectrodynamics lixplorer Mnal Report from tise 
Study Team, Sept. 1976 (R.A. Hoffman, code 625, 
CSFC). This was subsequently modified into the 
DH project. 

32-3 Interplanetary Pliysics Laboratory (IPL), by L.F. 
Burl.tga, K.W. Ogilvie and W, F'cldman, GSF'C 
document X-692-77-110. May 1977 (L.I-. Burlaga, 
code 692, GSI-'C; also NTIS, $4.50, publ. no, N 77 
25209). 
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32'4 Ori^'iiJ of IMasmas in the Furili’s Neighboihoutl 
(OIM.N), plannii)}’ ilocumciu, May 1978 (J.K. 
Alexander, code (i95, CSl'C). 

32- 5 Active Mapnetosplierie Particle Tracer I'xperiment 

(AMl'I’l*), planning; document, Jamiar\ 1 978 ((i. 
Oiisley, code 404, (;.S|'C). 

33. Studios of the Upper Atmosphere-Free Flying 
Spucplnh 

33 I Project Plan for .Solar Mesosphere ^■splorel•, JPl. 
document (>00 45, January 1977, updated 3 l''eb 
ruary 1978. 

33 2 Upper Atmosphere Research Satellite Program, 
Pinal report of the Science Working Group, July 
15, 1978 (SWG chairman; P,M, Hanks, (’enter for 
Rcscatch m Acronomy, Utah State University, 
l.ogan, Utah 84322)i JIM. Publication 78*54. 

33- 3 Ihiilio Si’ii'inr, Vol. .s’, issue 4, 1973, devoted eiv 

lircly m the AP project and its instrumentation. 

33 4 Scieniifie Results of Atmosphere Pxplorer (2 vol- 
umes), pros'eedmgs of symposium held in Ut7() in 
Bayse, Va., publisited by GSP'G in July 1977 tN, 
Spencer, code o2U, (iSl-G). 

33- .S Atmosphere Pxplorer Scientific Data Reduction 

and Analysis System, Oct. 1977 (N. Spencer, code 
o2t), GSPG). 

34. Spncolab/Shuttio - Gonoral Aspects 

34- 1 Scientific U.ses of the Space Shiiule, Space Science 

Board. N.\S. 1974. 

34-2 Anuosjii’t'rii: I’bysics l-ro\» Spacchih, Procccilings 
of lith FSl.AB symposium, P'rascati, 1970, ed, by 
J.J. Burger, .\. Pedersen and B. Battrick, D. Reidef, 
197(1. 

3 4-3 Space Shitltlc 1 1 ixstiws af ibc SOs, y’olume 3 2. parts 
12 of .Xdvance'* ui the Astronautical Sciences, 
edited by W.J. Burnall et ak, 1977 {American As* 
tronautical Society, P.O. Bo.x 28130, San Diego, 
CA 92128). 

34-4 Atmo.sphcric, .Magnetospheric and Plasmas in Space 
(AMPS) Spacelab Payload Definition Study {Execu- 


tive summary report, .November 197(»), DocuntciU 
M(:iU7(i*281.A of M.irtin Marietta Corp., P.O. Box 
179, Denver, Colorado. 

35, Shuttlo/SpncolGb — Fncilitios ami Exporimonts 

35-1 .Sol.ir Optical Telescope Program Plan {lixecutive 
Summary, Ma> 1978) (.Shuttle Spacelab Payloads 
Protect Office, code 420, (iSP'C). 

35*2 Gra/ing Incidence Solar Telescope GRIST, Re- 
port on the Mission Definition Study, 2 June I97(i 
{P’S/\ report) Por a background review, sec "X-ray 
Optics" by J.ll. Underwood, Am'ricaii Scientist M>, 
p 47O-480, 1978. 

35-3 Hard X*ray Imaging Instrument {Executive Sum- 
mary, .April 1978) {Reader of facility definition 
team: 1..1A Peterson, Dept, of Physics, Univ. of Cal. 
at San Diego, l.a Jolla, CA 92037). 

3,‘)-4 Shuttle Atmospheric 1, id.tr .Multi-User Instrument 
System: Science Objectives, Experiment Descrip- 
tions and Evolutionary Plow Document, 1978; 
edited by Robert K. Seals, Jr. and James P. Kibler, 
Langley Rc.search Center, Hampton, V'a. 23()65. 

35-5 C.ryogcnic Limb-Scanning Interferometer tCLlR), 
report by the facility definition team, .April 28, 
1978 (R.R, Drummond, .study man.igcr, code 420, 
GSPC). 

35-(i Report of the AMPS Wave Injection P'acility Defi- 
nition Team, .April 1978 (Study managers; T.R. 
Buckler and S.P. Rirkner, code 420, GSEC). 

35-7 Chemical Release Module, a Mulii-f'ser Pacility for 
Shuttle Spacelab, A.MPS Chemical Release Eacilitv 
Definition ‘Team (Leader; J, ileppner, code (i25, 
GSEC). 

35-8 Space Shuttle; .AMPS .Mission Space Experiment 
with Plasma Acccleiators (SEIM\C), byT. Obayashi 
et al., Hep. of Iniiosph. amt Space Res. in JapiW, 
29, 105. 1975. 

35*9 Interim Reports of the Solar Physics Spacelab Pacil- 
ity Definition 'Teams, July, 1975 (\V. Neupert, code 
082, GSl-C). 
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ABBREVIATIONS AND ACRONYMS 


An acronym (marked "a") is an abbreviation pronounced as a word. 


A 

Angstrom 

AK 

Atmosphere Explorer 

AMPS 

(a) Atmosphere, Magnetosphere and Plasmas in Space Program 

AMPTK 

(a) Active Magnetospheric Particle Tracer Experiment 

AC) 

Announcement of Opportunity 

ATS 

Applications Technology Satellite 

AU 

Astronomical Unit 

CCK 

Charge Composition Explorer 

CLIR 

(a) Cryogenic Limb-Scanning Interferometer and Radiometer 

c:rm 

Chemical Release Module 

DK 

Dynamics Explorer 

KML 

Equatorial Magnetosphere Laboratory 

KSA 

(a) European Space Agency 

CRIST 

(a) Crazing Incidence Solar Telescope 

GSFC 

Goddard Space Flight Center 

CTL 

Geomagnetic Tail Laboratory 

lIRTS 

High Resolution Telescope and Spectrograph 

nxii 

(as “Hixic”) Hard X-ray Imaging Instrument 

IMF 

Interplanetary Magnetic Field 

IMP 

(a) Interplanetary Monitoring Platform 

IMS 

International Magnetospheric Study 

IPL 

Interplanetary Physics Laboratory 

IR 

Infra Red 

IRM 

Ion Release Module 

ISBE 

(a) International Sun-Earth Explorer 

lUS 

Inertial (formerly: Interim) Upper Stage 
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JIM, 

Jet Propulsion Laboratory 

l.itliir 

(ti) Light Detection and Ranging (derived from the acronym radar, generally 
not capitalized) 

MAl> 

(a) Middle Atmosphere Program 

MMS 

Multi-Mission Modular Spacecraft 

NAS 

National Academy of Sciences 

NASA 

(a) National Aeronautics and Space Administration 

NOAA 

(a) National Oceanic and Atmospheric Administration 

NSI< 

National Science ('oundacion 

NSSDC 

National Space Science Data Center 

NT IS 

NationalTechnical Information Service 

()I'T4 

Orbital Plight Test 4 

OMIJ 

Office of Management and Budget 

Oi»KN 

(a) Origin of Plasmas in the liarlh's Neighborhood 

POP 

Plasina Diagnostic Package 

PI 

Principal Investigator 

PPL 

Polar Plasma Laboratory 

SCADM 

(a; "Scadam") Solar Cycle and Dj’iiamics Mission 

S/C 

Spacecraft 

SCATIIA 

(a) Spacecraft Charging at 1 ligli Altitudes (mission) 

SMK 

Solar Mesosphere Kxplorcr 

SMM 

Solar Maximum Mission 

SOT 

(a) Solar Optical Telescope 

SO LIP 

(a) Solar Optica! t'niversa! Polarimeter 

SPA1 

Solar Polar Mission 

SKT 

Science, Research, Technology (funds) 

SSB 

Space Science Board 

SSUS 

(a) Spinning Solid Upper Stage 

STK) 

Scientifie and Technical Information Office (of NASA) 

STP 

Solar Terrestrial Program 

TDRSS 

’P acking and Data Relay Satellite System 

'PM A 

'rrimothyl Aluminum 

UARS 

Upper Atmosphere Research Satellite 

USA!' 

United States Air 1-orce 

usc;po 

United States Clovernmcnt Printing Office 

UV 

Ultra Violet 

XUV 

Kxtremc Ultra Violet (also abbreviated as KUV) 

WIF 

Wivve Injection Pacility 
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INDEX 


IMease nutc: 


( 1 ) 'rii(? bibliogr.ipby {cNccpt for luidrcsses) is mn 
covcrcil by the imlex, ami neither are some brief 
mentions ofindexcii subjects, 

♦ 2) All abbreviations used in tlie index arc explained in 
the list of abbreviations and acronyms which pre- 
cedes it. 

acceleration of particle.s, 2. H, 20, 21, 22, 23, 27, 28, 29, 
30, 44, 55, 57, 09, 72, 73, 81 
active experiments, 7. 27, 30. 48. 00, 70. 71, 72, 74. 82 
Ah' satellites, 35. 45l D. 02, 79 
aerosols, 0 ‘) 

A.MPS. 10(2), 30, 49, 00, 09(d), 82 
AMPTK, 9, 17.43,47, 71 , 

AO. 77 

Applications Program (NAS.A), 10 
astropby.sic.s, 1, 13, 22, 73 
ATS, 43. 44(2) 

aurora (polar), 4. 5. 27. 30. 44. 45. 02, 03, 70 , 72 
auroral oval (sec aurora) 

barium. 10.47.49, 57 , 72 
boom (on Space shuttle), 1 7, 49, o5 
bubbles, ionospheric, 30, 70, 71 

CCK, 9, 48, 56 (see also AMPTK) 
cliemical releases, lO(ii), 47. 00, 09 (see also active experi- 
menrs, AMPTK., CR.M) 


(3) Notations such as “(Vll), (a), (3), (iii)" denote 
that a chapter, section or subsection, identified by 
the enclosed number or letter and dealing with the 
indexed suhjeec. begins on the ituiicatcd page. 


climate (.see Sunnveathcr coupling, Maunder minimum) 
CI.IR, 10(ii), 34. 48, 02. 70(2), 82 
Colgate committee", 14, 17, 78 
composition (atmosphere), 33, 35, 44, 45, 01, 70 (.see 
also CLIR, SMK, CARS) 

composition (plasma), 13, 20, 42, 53, 58, 81 (sec also 
CCK, K.ML, IPK, ISKK) 
coronal '■ ales, 20, 21, 25, 39. 47 52, 54, 55 
coronal transients, 3, 39, 42 
cosmic rays, 14, 2o, 31, 42, 52, 53 
CRM, lO(ii), 71(4) 

currents (in the niagnecosphcre), 10, 20, 30, 3o, 37, 43, 
44, 45,57. 00,03,70,81 

data, 11(4), 15(iv),45, 62, 75. 78 
Dynamics Explorer, 9, 43, 44(5), 45(3). 48. 81 

ckctric field (magnecospheric), 26, 28. 29, 30, 30, 00, 02, 
81 (see also parallel electric fields) 
electron accelerator, lO(iii), 17, 05, 06, 72(5) 

KM1,„ 8. 58(iv) 


91 


European Space Agency U^SA), 8, 10, 17, 44, 49, o7, 68 

curupiuin, 9, 56, 57 

Explorer class missions. 7, 9(1)). (»(). 77 

exusphere, 5. 34(2) . 

f.icilities, 10, I5(iii), 49. 66, 77 (see also principal investi- 
gator) 

I'irewheel, 57, 71 

gravity waves, 10, 35, 72 
C5RIST. 10, 68(2) 

C:SI-C. 86 
GTl„ 8, 29. 58(ii) 

halo orbit, 42. 58, 75 
llawkeye, 44(3), 48 

heliosphere. 2(ii), 7. 24(h), 42(b), 51(a), 53. 81 
IIRT.S, 66 

IlXIl, lO(iii). 56. 69(3) 
hydrogen, 3 5 

imaging devices, 15 (sec also Oinhole, IIXII) 

IMP. 42(1), 43(1), 48 
I.M.S, 44 

interplanetary magnetic field, 25, 42. 47, 52. 53 
ion engine, 55, 75 

ionosphere. 5, 23, 31, 35(3). 43. 44. 57, 66. 70. 71, 72, 

81, 82 

lin,, 8, 23,48, 53, 58(t), 73, 81 
IR.M, 57 (see also AMPTK) 

ISHH. 17. 23, 42(3), 43. 44(4), 48, 53. 81 
lU.S, 48, 51 

JPL, 86 

Jupiter s\ving-by, 51. 54, 75 
ktlumctric radiation, 30, 44, 58, 72 

l. idar, UHi). 15. 34, 35. 49. 69 ( 1 ). 81, 82 
lithium. 9 . 10. 30, 56 . 57. 71. 72 

lunar s\ving-by, 58, 75 

magnetic merging, 3, 14, 24, 28, 29, 31 
magnetic reconnection (see magnetic merging) 
magnetic storm, 30, 39 

magnetosphere, Harth's, 2(iii), 7, 26(c.), 43(e), 56(b), 57, 

81 

m. tgnetosphercs and ionospheres of other planets', 1, 16, 53 
M.vundcr minimum, 2, 22, 36 

mesosphere, 5, 8, 9, 32(1), 33, 45, 60(i) (see also middle 
atmosphere) 


middle atmospherf*, 5. 7. 8. 13. 32, 37. 63, 70, 73, 81, 82 
Middle Atmosphere Program, 34, 70, 78 
mission needs statement, 77 
M.MS, 42 

models, 11, 15, 35, 63,78 

National Academy of Sciences (NAS), 14, 17, 76, 83 
National Aeronautics and Space Administ";uion (NASA) 
75(b) 

National Oceanic and Atmospheric Administration 
(NOAAA), 16 

National Science Foundation (NSlO, 11 

National Sp.ace Science Data Center (NSSDC), 42, 77, 79 

Observatory class missions, 7(a) 
oceultation method, 45, 66 
Ol-T-5, 65, 66 

on-board propulsion, 8, 45, 48. 54, 55, 56, 58, 6(). 71, 75 
OPEN. 8, 43. 48. 53. 57(2), 62, 72, 74. 75, 81 
"open" magnetic field lines, 21, 26, 28, 29, 30, 39, 52 
ozone, 1, 8, 10. 13(iii), 32. 33. 34, 37,45, 48, 61. 69, 70, 
81 

pallets (of Spacelab), 9, 49, 56, 68 
parallel electric fields (or: voltage drops along magnetic 
field lines). 9 , 10, 14, 16, 28, 30, 44, 49, 58, 72 
Pinhole Camera Mission, 7, 14, 55(4), 69 
Planetary Program (NASA), 16 
plasma. 2. 10, 26, 27, 36, 70, 73. 82 
plasma physics, 13(d), 15. 28(IV-1), 31. 78 
plasma waves, 16, 30, 44. 49, 53, 55, 60, 70. 71 
PPL. 8. 58(iii) 

principal investigator, 10, 49, 66 (see also faeilicies) 

radiation belt, 3, 30, 71, 72 
retiieval of spacecraft, 48, 54, 61, 74, 75 
ring current, 30, 35, 43. 58, 81 
rockets, sounding. 11. 44, 48, 58, 66, 78 

SCADM, 7, 8. 53, 54(2), 73. 75, 81 
SCAT! I A. 16. 44 

sector structure, interplanetary, 13, 25, 26, 36, 37, 47 

shocks (eollision-free). 2, 14, 26, 29, 42, 44 

Skylab, 39(3), 47, 79 

solar activity, 2, 21. 22(3), 61, 70(iv), 81 

solar constant, 19, 36, 42, 66 

solar convection, 20(1), 54 

solar corona, 2, 8, 20, 53, 68 (see also coronal holes, 
coronal transients) 

solar eyclc, 1, 2, 14(e), 22. 36, 42, 54, 61, 63 
solar energy output, 13(ti), 19, 54, 73, 81 
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si)l;ir Hares. Z. 3. 7, 13, 14, 21. 22l4), 27, 28. 33, 34. $9, 
42. 52, 54. 67. 08. 6‘). 81 
solar iiugnetic fteUi, 21(2)., 28, 66. o8, 81 
.Solar Masiinuni .Mission, 7, 14, 37,42(4), 54, 73, 81 
Solar iMcsosphcre I'’xplorcr, 34, 45(2), 73 
.solar obhueness. 54, 55, 81 

Solar Ojuic.il rdestotK* (SOT). 10(i), 15, 21. 49, o7(l), 81 
Solar Polar .Mission. 7. 8. 13. 17. 25. 47, 5l(i). 53. 54. 73. 
74.81 

Solar Probe. 7. 8. 13, 26. 54(3). 73. 81 
solar roiation, 20, 3o, 52, 68 
Solar Terrestrial Observatory, 8(11 1). 18, 78 
solar wiiul, 2. 14. 20, 24. 26. 42, 52. 53. 54, 55. 57. 81 
(see also heliosphere, solar vviiul .streams, sector 
structure) 

solar wind streams, 14. 25. 39, 42, 54 
SOUP, 68 

Space .Science Board, 14, 17, 76 
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